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FOREWORD 


Iyhe  applied  physics  division  of  the  Office  of 
.  Scientific  Research  and  Development 
|OSUD|  was  organized  lute  in  11M2  under  the 
chHirnuinsliipof  Dr.  I’linl  K.  Klopsteg.  who  was 
responsible  for  the  work  of  the  Division  until 
shortly  iK'fore  the  completion  of  its  work  when 
other  duties  required  his  full  attention.  Most  of 
the  projects  which  had  liven  initiated  liy  the 
Instruments  Section  of  the  National  Defense 
Research  Committee  [NDRCJ  < I n r i nyr  1  IMtl  and 
I !>4 1  and  which  were  not  concerned  with  optics 
were  turned  over  to  the  Applied  Physics  Divi¬ 
sion  on  its  inauguration.  Dr.  Klopsteg  as  Chief 
and  Dr.  K.  A.  Kckhardt  as  Deputy  Chief  went 
with  them  from  the  Instruments  Section  to,  the 
new  Division. 

The  Summary  Technical  Report  which  is  pre¬ 
sented  in  these  volumes  thus  covers  the  accom¬ 
plishments  of  projects  set  up  by  lsith  Section 
D-3  ami  Division  17.  The  work  of  the  Division 
covered  n  very  wide  range  of  fields.  The  term 
“applied  physics”  served  ia  lieu  of  u  more  de¬ 
scriptive  name  for  a  Division  which  was  in  fact 
the  one  to  which  was  assigned  any  scientific 


problem  which  did  not  properly  come  under  one 
of  the  other  divisions  of  NDRC. 

Actually  the  Division  was  an  association  of 
three  Sections  having  rather  dissimilar  respon¬ 
sibilities  and  fields  of  activity.  In  setting  up 
these  Sections  it  was  necessary  to  group  the 
projects  already  under  way  into  a  small  number 
of  coherent  categories,  and  those  chosen  were 
Sound,  Electricity,  and  General  Instrumenta¬ 
tion.  The  work  of  the  Division  consisted  entirely 
of  the  integrated  efforts  of  these  three  Sections, 
whos**  membership  will  la*  found  listed  on  a  suc¬ 
ceeding  page. 

For  more  detailed  reports  on  the  technical 
work  of  the  Division  than  are  contained  here¬ 
with  the  detailed  contractors’  reiairts  of  Divi¬ 
sion  17  should  la*  consulted,  and  appropriate 
reference  to  these  have  liven  made  throughout 
the  present  volumes.  The  results  obtained  are 
also  presented  in  less  technieal  form  in  that 
volume  of  the  history  of  OSRI)  entitled  Optica 
unit  Applied  rhiisira  in  World  H’flr  II. 

George  R.  Harrison 
Chief,  Division  17 
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The  applied  physics  division  of  the  Office  of 
Scientific  Research  and  Development 
|OSUD]  was  organized  lute  in  ID  12  under  the 
chhirnianship  of  I>r.  Paul  K.  Klopsteg,  who  was 
responsible  for  the  work  of  the  Division  until 
shortly  before  the  completion  of  its  work  when 
other  duties  required  his  full  attention.  Most  of 
the  projects  which  had  I  icon  initiated  by  the 
Instruments  Section  of  the  Nutionul  Defense 
Research  Committee  [NDRC]  during  Ibid  and 
lb-11  and  which  were  not  concerned  with  optics 
were  turned  over  to  the  Applied  l’hysics  Divi¬ 
sion  on  its  inauguration.  Dr.  Klopsteg  as  Chief 
and  l)r.  K.  A.  Kekhnrdt  as  Deputy  Chief  went 
with  them  from  the  Instruments  Section  to  the 
new  Division. 

The  Summary  Technical  Report  which  is  pre¬ 
sented  in  these  volumes  thus  covers  the  accom¬ 
plishments  of  projects  sot  up  by  Ih it  h  Section 
D-3  and  Division  17.  The  work  of  the  Division 
covered  a  very  wide  range  of  fields.  The  term 
“applied  physics"  served  in  lieu  of  u  more  de¬ 
scriptive  name  for  a  Division  which  was  in  fact 
the  one  to  which  was  assigned  any  scientific 


problem  which  did  not  properly  come  under  one 
of  the  other  divisions  of  NDRC. 

Actually  the  Division  was  an  association  of 
three  Sections  having  rather  dissimilar  respon¬ 
sibilities  and  fields  of  activity.  In  setting  up 
these  Sections  it  was  necessary  to  group  the 
projects  nlrcnd.v  under  way  into  a  small  number 
of  coherent  categories,  and  those  chosen  were 
Sound.  Electricity,  and  General  Instrumenta¬ 
tion.  The  work  of  the  Division  consisted  entirely 
of  the  integrated  efforts  of  these  three  Sections, 
whose  memliership  will  be  found  listed  on  a  suc¬ 
ceeding  page. 

For  more  detailed  reports  on  the  technical 
work  of  the  Division  than  are  contained  here¬ 
with  the  detailed  contractors'  rejxirts  of  Divi¬ 
sion  17  should  la-  consulted,  and  appropriate 
reference  to  these  have  lieen  made  throughout 
the  present  volumes.  The  results  obtained  are 
hIso  presented  in  less  technical  form  in  that 
volume  of  the  history  of  OSRD  entitled  Optica 
unit  Applied  I'hpxica  in  World  War  II. 

George  R.  Harrison 
Chief,  Division  17 
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PREFACE 


TIIK  ttKSKAHl'tt  AMI  IIKVKlAlt'MKNT  l-ltoOIIAM  Ilf 
Division  IT  of  tile  National  Defense  lb-search 
( 'ommittec  |NDI«'|  was  conn-rued  with  those  prols- 
lems  in  |  illy  sirs  not  siM'i'ilicully  cnvi-n-d  in  oilier 
Divisions  of  \|>Uf.  As  the  result,  the  Division  fell 
heir  to  a  myriad  of  niiseellaneoiis  problems  of  a 
physical  nature  which,  themselves.  were  not  often 
interrelated.  It  would  have  Im-u  cxci-cdiii|{ly  iliflienlt. 
if  not  ini|iossilile.  for  Division  IT  to  set  ii|i  within 
itself  a  snflieient  nilinlier  of  Sections  to  deal  s|*-- 
cilicully  with  all  the  various  rl:i--r-  ,,f  |irol>leni'  which 
fell  nailer  it-  jurisdiction  Therefore,  tile  projects 
of  the  Division  were  assi|rned  tonne  of  lliive  Section' 
Section  17.1.  Instruments:  Section  IT. 2.  Kleclricnl 
Ki|iii|inient ;  and  Section  I T.‘t.  Acoustics  whose 
liroail  titles  |N-miittcd  a  tcelleral.  evell  if  somewhat 
Iihisc,  elnssilication.  It  wit'  not  always  easy  to  ill -vide, 
at  times,  nailer  which  of  these  three  liroail  eatepiries 
a  uivi-n  project  should  Is-  placed.  In  these  eases, 
considerations  such  n>  immediate  convenience  and 

availability  of  cx|iericn . I  |M-r'innn-l  were  often  the 

detenninini;  factors. 

The  Summary  Technical  lb-port  doscribiiiK  tin- 
activities  of  I  tivision  IT  is  pivseuted  in  four  volumes, 
la  an  attempt  to  achieve  a  little  ({renter  uniformity 
of  snliject  matter,  the  projects  were  orKitliiited  within 
the  various  volumes  without  regard  to  their  Section 
classification,  t  'oiiserinciitly,  llieri-  is,  on  the  whole, 
little  relationship  In-tween  volume  and  Section  uiuii- 
Im-i-.  Decaiise  of  the  varied  prolileius  dealt  with  ill 
the  Division's  pi-oKraiu.  very  little  continuity  is  to 
In-  found  from  chapter  to  chapter  in  any  volume, 
l-.'ach  chapter  attempts  to  .stimmnrixc  inile|M-uileutly 
llie  results  of  a  particular  project. 

Since  there  wen-  a  la  lire  iiumlier  of  iliversilii-d 
projects  in  Division  IT,  it  was  obviously  impossible 
to  do  justice  to  each,  even  in  summary.  It  is  not 

intruded  that  the  iuipnrtuu . .  any  project  descrila-d 

herein  should  he  judged  liy  the  aiiiomit  of  pai{c  s|ian- 

allotted  to  it.  Naturally . rlain  prolileius  involved 

luora-  resnirch  .-mil  development  than  others  liefon- 
they  coilld  Is-  hroit|{ht  to  a  successful  conclusion.  In 
many  cases,  this  is  n-flcrti-d  in  the  Summary  Tt-rli- 


uicul  lb-port.  t)n  the  other  hand,  the  presentation 
of  the  projects  limy  mirror  the  i  nthiisiiism  lor  luck 
of  it  ■  of  the  individual  author  at  the  time  of  writinK. 
Tln-refore,  the  reader  who  desires  more  tlinii  a  hrond 
panorama  of  tin-  Division's  activities  is  referred  to 
the  Microfilm  Index  for  more  complete  details. 

This  is  the  fourth  and  final  volume  of  the  Siuninary 
Technical  l{c|>orl  of  Division  IT.  The  ilcvires  ami 
techniipics  discussed  herein  are  for  home-front  in¬ 
strument  at  ion  rather  than  for  haltle-fmnt  instru¬ 
mentation.  That  i'.  tin-  volume  deals  with  devices 
and  techniipics  which  would  allect  tin-  battle  front 
indirectly.  ihrniiKh  fncilitntiiiK  production  and  or 
|H-rfcetiuii  of  materiel  or  thmimli  improving  the 
trainiliK  and  preparation-  of  |H'i-souuol  for  battle. 

l-lacli  chapter  in  this  volume  iliscnssi's  either  a 
-injib-  Division  IT  project  or  a  relateil  croup  of 
projects.  As  shown  by  tin-  by-lines  in  the  t'nntcnts 
and  in  the  chapter  headiliKs.  a  iiiiudicr  of  aiitlmrs 
have  assisted  in  pnparinc  this  Imnk.  This  uppor- 
lunity  is  taken  to  express  sincere  appreciation  fur 
such  assistance.  It  should  Is-  Imrnc  in  mind  that 
althouch  every  reason, -ildi-  effort  has  Im-cii  made  to 
keep  this  Imok  five  from  error,  lla-  authors  liave 
ordiuarily  not  In-eu  -ei tine  forth  their  own  |ierson,-d 
ex|a-riemx-s  or  result-  of  persoual  i-i-search.  The 
chapters  an-  derived  from  can-fill  anil  conscientious 
study  of  contractors'  reports  ami  associated  puli- 
lieatioii.-.  Neither  tin-  authors  nor  the  t mire  uf 
Seientilie  lb-search  ami  Development  DSHD,  are 
accountable  for  tin-  rnrrcrtness  of  tin-  filets  which 
form  tin-  Imsis  for  this  volume. 

This  opportunity  is  taken  to  express  appreciation 
fur  other  assistance  in  connection  with  this  volume: 
the  research  done  for  the  DSHD  under  contract  mid 
reported  herein:  the  time  anil  effort  ex|M-ndeil  by 
IH-rsiiunel  of  Division  IT  and  its  Sections  in  remlinc 
and  criticmnc  inaiaiscripts:  anil  tin-  can-  cxt-n-isotl 
by  the  Summary  Hcports  tiriiup  in  pilblishiliK 
the  material. 

F.  b.  Yost 
liditor 
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The  remits  of  varioaa  projects,  condoctid  under  the  supervision  of  tee  National  Defonae 
Research  Committee  in  tee  field  ef  telemetering  ef  strain  gaages  and  ether  instruments 
used  in  alrcraft-to-ground  radio  links  for  remote-control  testing  ef  high-speed  aircraft, 
are  discussed.  Kach  of  these  projects  is  discussed  in  detail  along  with  tee  telemetering 
equipment  need  in  tee  tests.  A  general  discussion  of  various  systems  of  multiplesing, 
which  permits  tee  handling  ef  numerous  channels  of  Information  bp  radio  link  is  also  in¬ 
cluded.  In  conclusion,  a  deacripftsn  is  given  ef  certain  telemetering  principles  used  in 
tee  transmission  of  data  from  guided  missiles. 


Copies  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  MCIDXD 

Electronics  (S)  Telemetering  (92600) 

Telemetering  (13) 

C-3-13 


Air  DoeiMr.-r+s  Pivxion,  T-2 
AMC,  iVriya  FL’.'d 
MicroHun  i;o. 


Chapter  1 


TELEMETERING  OF  STRAIN  GAUGES  AND  INSTRUMENTS* 

By  Cntr/if  K.  Bvfgt,  Jr.h 


>•>  ABSTRACT 

This  report  describes  the  results  of  various 
projects  conducted  under  the  suiiervision  of 
the  National  Defense  Research  Committee  in  the 
field  of  telemetering  of  strain  gauges  and  other 
instruments  from  airenift  to  ground  by  a  radio 
link,  to  allow  remote-control  testing  of  high¬ 
speed  aircraft.  There  is  included  h  rather  gen¬ 
eral  discussion  of  various  systems  of  multiplex¬ 
ing  to  permit  the  handling  of  numerous  channels 
of  information  by  the  radio  link.  This  report 
presents  a  general  survey  of  the  telemetering 
field  as  of  Septemlier  11145.  including  develop¬ 
ments  made  by  groups  under  Service  or  NDRC 
supervision. 

A  brief  description  of  the  application  of  cer¬ 
tain  telemetering  principles  to  transmission  of 
data  from  guided  missiles  is  also  included. 

•=  INTKOIH  C.TH» 

Development  of  small,  high-speed  aircraft, 
approaching  sonic  speeds  under  certain  condi¬ 
tions,  has  made  flight  testing  of  e.\|>erimental 
and  production  prototypes  increasingly  difficult 
by  methods  in  vogue  at  the  beginning  of  the  war. 
The  phenomena  of  compressibility,  flutter,  and 
other  instabilities  evident  at  high  speed  de¬ 
manded  very  accurate  means  for  measurement 
and  analysis  of  dynamic  data  concerned  with 
stresses  and  accelerations  within  the  aircraft. 
Furthermore,  to  allow  reasonably  complete  an¬ 
alysis  of  the  structure,  many  items  of  informa¬ 
tion  were  desired  simultaneously.  Such  observa¬ 
tion  and  recording  could  not  be  done  by  a  test 
pilot,  even  if  he  wen?  riding  only  as  a  passenger, 
without  part  of  his  attention  necessarily  being 
devoted  to  the  flying. 

Originally,  methods  were*  employed  in  which 
data  of  the  type  noted  above  were  recorded  on 
multi-channel  oscillographs  mounted  in  the  air- 

"AC-40,  NA-1.13,  NA-134,  NA-152,  NA-242. 

'•Technical  Aide,  Section  17.1-17.2,  NDItC. 


craft,  the  pilot  being  present  only  to  put  the 
plane  through  appropriate  maneuvers.  Numer¬ 
ous  test  flights  of  this  type  were  made,  and  valu¬ 
able  data  were  obtained.  However,  testing  under 
conditions  of  greatest  severity  was  seldom  pos¬ 
sible.  due  to  the  human  element.  In  addition, 
structural  failures  causing  loss  of  the  aircraft 
often  resulted  in  loss  of  the  records. 

It  became  apparent  that  complete  tests  could 
be  obtained  only  by  remote  radio  control  uf  a 
pilotless  aircraft,  the  data  being  transmitted  by 
radio  to  a  ground  recording  station.  Television 
apparatus  was  useil  in  some  cases,  but  a  need  for 
intelligence  data  to  lie  transmitted  at  higher  fre¬ 
quency  emphasized  the  necessity  for  equipment 
specifically  developed  to  transmit  strain-gauge, 
accelerometer,  mid  pressure  data.  The  process  of 
transmitting  multi-channel  data  is  known  as 
telemetering  and.  in  the  case  of  nircraft  tele¬ 
metering,  involves  the  use  of  a  means  of  multi¬ 
plexing  numerous  intelligence  channels  on  a 
single  radio  link.  Multiple  radio  links  are  un¬ 
desirable,  since  little  space  is  available  for  mul¬ 
tiple-antenna  installations  and  duplication  of 
numerous  radio  circuits  is  uneconomical  with 
respect  to  materials,  space,  and  power. 

In  addition  to  the  requirements  for  telemeter¬ 
ing  apparatus  for  aircraft,  there  arose  later  in 
the  program  a  need  for  similar,  more  compact 
apparatus  for  the  development  and  testing  of 
guided  missiles.  In  this  case  the  need  was  even 
more  urgent,  since  no  data  could  lie  obtained  by 
the  use1  of  a  pilot  even  in  early  test  stages.  The 
basic  principles  of  aircraft  telemetering  proved 
applicable  to  the  development  of  this  more  spe¬ 
cialized  equipment. 

15  MILITARY  RKyi'IHKMKNTS 

Basically,  military  requirements  for  tele¬ 
metering  are  constantly  in  a  state  of  flux,  since 
available  test  data  from  any  given  system  in¬ 
variably  indicate  the  need  for  more  channels, 
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side,  .r3  subcommutator  channels  can  be  sampled  mutator.  Suppose  that  each  valve  of  the  com-  I  rounded  parts  of  the  adjacent  channels  do  not 

with  2x  valves.  This  becomes  important  as  x  yets  mutator  is  sampling  a  signal  which  varies  slowiy  I  crnM  the  dotted  lines.  This  rough  illustration 

larger.  For  example.  49  ubcommutator  chan-  enough  and  that  the  switching  from  one  valve  ■  i#  to  give  an  idea  of  the  effect  of  the  finite  fre- 

nels  could  be  hnmlled  with  14  valves.  to  the  next  Is  Instantaneous,  so  that  the  output  I  qucncy  response  of  the  link. 


COXFIDKXTIAI, 


l>y  little  stalls  which  make  possible  modulation 
by  use  of  the  secondary-electron  characteristics 
of  the  anodes.  An  intensity  gfrid  modulating  the 
cathode- my  l>enm  is  also  provided.  The  tube  Is 
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THE  ACOUSTIC  FIRING  ERROR  INDICATOR' 

By  J.  W.  M.  Du  MomF  and  E.  R.  Cohen b 


u  introduction 

Undo  pbessubb  OF  DEMAND  from  three 
branches  of  the  Armed  Forces,  research 
and  development  on  the  acoustic  firing  error 
indicator  [FEI]  and  its  associated  auxiliary 
touting  and  standardising  equipment  continued 
actively  up  to  the  termination  date  of  the  original 
Contract  OEMsr-600,  October  31,  194B.  The 
progress  of  the  work  rendered  nearly  all  interim 
■nH  special  reports  more  or  less  obsolete  shortly 
after  their  appearance  so  that  at  the  termina¬ 
tion  of  the  contract  the  need  was  imperative 
for  a  comprehensive  report  bringing  all  phases 
of  the  development  strictly  up  to  date  if  the  value 
of  the  results  achieved  was  not  to  be  lost  For 
this  reason,  every  effort  has  been  made  in  the 
present  report  to  furnish  a  complete  and  reli¬ 
able  source  of  all  information  which  might  be 
helpful  (1)  to  administrative  military  and  civil 
officials,  (2)  to  the  using  Services,  (3)  to  re¬ 
search  groups  entrusted  with  continuation  of 
research  and  development  work,  and  (4)  to  per¬ 
sonnel  of  manufacturers  of  the  equipment 
For  the  nontechnical  reader  the  brief  r6sumd 
following  this  introduction  gives  the  salient 
facts  at  a  glance.  For  his  further  information 
Sections  2.3, 2.4,  and  2.6  have  been  written  with 
a  minimum  of  mathematical  analysis  and  tech¬ 
nical  detail.  Parts  of  Section  2.4,  "Depend¬ 
ence  of  Shock-Wave  Pressure  Amplitude  on 
Miss  Distance"  and  "Dependence  of  Shock- 
Wave  Period  T  on  Range  (Projectile  Velocity)  ” 
might  be  omitted  on  a  first  reading  by  such  read¬ 
ers-  Section  2.6  is  nonmathematical  and  descrip¬ 
tive,  but  treats  the  FEI  equipment  and  its  func¬ 
tioning  in  considerable  technical  detail.  Section 
2.7  is  purely  historical. 

»  AC-46,  NO-173,  NO-260. 
b  California  Institute  of  Technology. 

•The  appendices,  to  which  references  are 
throughout  the  chapter,  are  the  first  five  items  in  the 
bibliography  associated  with  this  chapter.  As  the  annen! 
dieeawere  voluminous  it  was  decided  to  microfilm  them 
for  reference  rather  than  to  print  them  in  this  volume. 


The  mathematical  analysis  has  been  kept  al¬ 
most  entirely  in  the  appendices/  Much  of  the 
technical  information  which  would  be  required 
by  manufacturers’  personnel  is  placed  there  and 
also  in  Section  2.6  of  the  main  body  of  the  report. 
Appendix  V  is  a  collection  of  descriptive  material 
on  auxilliary  standardizing  and  measuring 
equipment  not  described  elsewhere  in  the  report. 
This  appendix  will,  therefore,  be  of  interest  to 
research  workers  who  may  continue  the  work, 
and  also  to  some  extent  to  the  interested  Services 
of  the  Armed  Forces.  The  auxiliary  measuring 
and  standardizing  equipment  wheti  built  was 
accompanied  by  instruction  manuals  which  were 
not  formal  NDRC  reports.**-*--1' ** 

«  RESUME 

Purpose  of  Research 

To  develop  a  means  of  ( 1 )  scoring  a  gunner  as 
to  his  marksmanship,  and  (2)  informing  a  gun¬ 
ner  (or  his  instructors)  as  to  his  errors  when 
shooting  at  airborne  targets  such  as  towed  flags, 
towed  gliders  or  radio-controlled  planes. 

*J*  Basic  Method 

The  amplitude  of  the  ballistic  shock  wave 
propagated  from  the  trajectory  of  the  bullet  is 
measured  by  a  dual  microphonic  element  in¬ 
stalled  in  the  target,  and  the  result  is  trans¬ 
mitted  by  radio  to  a  receiving  station  (near  the 
gun),  where  the  shots  are  automatically  classi¬ 
fied  into  three  different  zones  of  proximity  to 
the  target  and  so  recorded  either  on  a  tape  or 
on  counters.  The  side  (right  or  left,  fore  or 
aft)  of  the  moving  target  on  which  the  miss 
occurred  is  also  indicated  and  recorded. 

JJJ  Limitations  of  Applicability 
of  Present  Device 

1.  Calibers:  .50,  20  mm,  40  mm. 

2.  Bullet  speeds  at  the  target:  1,400  fps  and 
higher. 
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8.  Targets:  Velon  plastic  flags  and  towed 
gliders. 

4.  Target  speeds :  up  to  250  mph. 

5.  Radio  reception  distances  (target  to  re¬ 
ceiving  station) :  cannot  exceed  4  fniles. 

6.  Weather  conditions :  microphones  rendered 
inaccurate  by  rain  or  ice  formation. 

For  other  and  more  detailed  limitations  see 
Section  2.5.5. 

“■*  Validation  Results 

Validation  tests  checking  the  method  against 
photographic  theodolite  data  showed  an  ac¬ 
curacy  in  scoring  miss  distance  of  ±7  per  cent 
on  587  rounds  fired  at  Ft.  Bliss,  Texas. 

“  INTRODUCTION  AND  MILITARY 
REQUIREMENTS 

Ul  Origin  of  the  Need  for  a 

Firing  Error  Indicator 

Hie  greatly  increased  importance  of  the  air¬ 
plane  in  World  War  II  has  created  a  need  for  a 
method  of  indicating  the  errors  of  Are  of 
marksmen  and  their  equipment  shooting  at  air¬ 
borne  targets  both  in  ground-to-plane  and  in 
plane-to-plane  shooting.  The  origin  of  the  work 
on  the  present  firing  error  indicator  (FEI)  was 
not,  however,  in  a  formal  Service  request  for 
the  device.  It  came  as  the  result  of  certain  ideas 
originating  with  members  of  the  staff  of  the 
California  Institute  of  Technology  who  had 
witnessed  Army  target  practice  in  connection 
with  other  war  research  work.  Their  attention 
was  thus  forcibly  called  to  the  existence  of  the 
problem  which  may  be  stated  as  follows. 

The  aerial  targets  used  in  training  gunners 
for  World  War  II  have  necessarily  been  of 
rather  small  size,  chiefly  flags,  sleeves,  or  glid¬ 
ers.  These  are  towed  at  the  end  of  a  consider¬ 
able  length  (several  thousand  feet)  of  cable  by 
a  special  towing  plane  (usually  a  B-26)  pro¬ 
vided  with  a  large  motor-driven  winch  for 
reeling  the  cable,  and  a  hatch  in  the  bottom  of 
the  fuselage  just  to  the  rear  of  the  winch,  for 
launching  the  target  after  the  towplane  is  in 
flight.  To  some  extent  small  radio-controlled 
planes  such  as  the  OQ  and  PQ  have  also  served 
as  training  targets.  Hie  number  of  actual  hits 
which  can  be  made  on  such  targets  is  such  an 
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extremely  small  fraction  of  all  rounds  fired 
that  no  statistically  significant  information  for 
comparing  the  marksmanship  of  different  gun¬ 
ners  or  gun  crews,  or  the  relative  merits  of  dif¬ 
ferent  kinds  of  equipment  can  be  based  there¬ 
on  ;  nor  can  much  reliable  information  be  fur¬ 
nished  (by  observing  holes  in  the  target  after  a 
mission)  to  assist  gunners  materially  in  cor¬ 
recting  their  errors  of  fire.  Experience  has  also 
shown  that  visual  observation  of  tracer  bullets 
fired  at  airborne  targets  is  in  general  an  un¬ 
satisfactory  method  either  for  training  or  for 
rating  gunners.11  The  central  difficulty  in  ob¬ 
serving  tracer  fire  is  to  determine  when  the 
tracer  bullet  has  reached  the  range  of  the 
target,  and  this  is  especially  true  if  the  ob¬ 
server  is  at  or  near  the  gun. 

UJ  The  Importance  of  Training  Gunners 
on  Targets  Permitting  Large  Scores 

The  fact  remains  that  the  two  problems  (1) 
of  improving  marksmanship  by  furnishing  re¬ 
liable  and,  if  possible,  instantaneous  informa¬ 
tion  as  to  errors  of  fire,  and  (2)  of  rating  gun¬ 
ners  and  equipment  with  statistical  reliability 
as  to  marksmanship  performance,  are  of  su¬ 
preme  importance  in  warfare.  Even  a  small 
superiority  in  weapons  or  men,  if  it  is  really 
significant,  cannot  be  ignored  since  it  can  be 
reflected  as  a  relatively  much  larger  advantage 
in  actual  combat,  especially  in  situations  which 
partake  of  the  nature  of  a  duel  in  which  the 
more  proficient  survive.  It  is  not  only  more 
humane  to  the  gunners  but  far  more  efficient 
in  the  prosecution  of  the  war  if  the  best  gun¬ 
ners  and  the  bait  equipment  can  be  selected 
with  as  much  statistical  certainty  as  possible. 
This  seems  a  far  more  important  consideration 
in  scoring  gunners  and  equipment  than  is  the 
frequently  heard  proposition  that  the  target 
on  which  the  gunners  are  scored  should  dupli¬ 
cate  in  size  the  targets  to  be  hit  under  combat 

d  Under  certain  special  conditions  as  to  course  flown 
and  observer  position  (situated  at  some  distance  down 
course  from  the  gun)  a  special  method  worked  out  by  the 
AAAS  for  ground-to-air  firing  permits  visual  estimates 
of  the  firing  error  in  lead  and  lag  by  observation  of  the 
apparent  hook  in  the  tracer  trajectory.  However,  this  can 
hardly  be  regarded  as  a  quantitative  scoring  device,  and 
the  fact  that  the  use  of  tracer  fire  is  regarded  as  a 
detriment  in  teaching  marksmanship  makes  its  applica¬ 
tion  somewhat  undesirable. 
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I’ltJVKK  10.  Perspective  view  of  Camp  Irwin  range. 
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BALLISTIC  SHOCK  waves,  application  to  fki 
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three  different  drawers.  The  two  r-f  signals 
from  the  microphone  units  have  frequencies  of 
66.76  and  66.6  me,  respectively.  These  *re 
ceived  at  1  and  amplified  in  blocks  2  and  3.  If  it 
is  desired  to  operate  more  than  one  FEI  system 
in  a  given  locality,  other  pairs  of  frequencies 
with  similar  spacing  in  this  general  region  can 
be  used  by  slight  realignments  in  the  local  oscil¬ 
lators  of  the  different  receiving  stations  and 
corresponding  changes  in  the  transmitter-oscil¬ 
lator  adjustments.  The  readjustment  of  trans¬ 
mitter  frequency  (radio  frequency)  also  implies 
its  restandardization  for  frequency  shift  in  re¬ 
sponse  to  static  pressure  on  the  diaphragm,  pro¬ 
cedures  normally  performed  by  the  manufac¬ 
turer.  It  is  recommended  therefore  that  trans¬ 
mitters  adjusted  for  a  different  carrier  fre¬ 
quency  be  ordered  separately  from  the  factory. 

The  antenna  cable  is  provided  at  1  with  a 
special  shielded  bifurcation  point  from  which 
two  short  cables,  connected  in  parallel  at  1,  lead 
through  connectors  on  the  panel  to  the  antenna 
coils  of  the  two  receiver  channels.  The  lengths 
of  these  two  short  cable  leads  are  carefully  pro¬ 
portioned  so  as  to  be  equivalent  to  one-quarter 
wavelength.  All  three  cables  have  a  characteris¬ 
tic  impedance  of  100  ohms  and  the  antenna  coil 
which  terminates  each  line  is  matched  to  this 
same  impedance  for  its  own  signal  frequency. 
For  the  signal  frequency  of  the  other  channel, 
however,  the  antenna  coil  presents  a  terminal 
impedance,  Zot  of  only  about  16  ohms.  Thus,  at 
the  junction  point,  1,  the  input  impedance,  Zu 
of  either  channel  to  the  frequency  intended  for 
the  other  channel  is  high,  being  given  by  the 
equation  relating  input  and  terminal  impedances 
for  a  quarter-wave  line,  namely, 


Z,  =  1P/Z.. 


(4) 


As  a  result,  at  the  junction  point,  1,  each  cable 
accepts  r-f  signals  of  the  appropriate  frequency 
for  its  channel  and  rejects  r-f  signals  of  the 
frequency  of  the  other  channel.  The  use  of  this 
cable  assembly  without  modifications  in  the 
lengths  of  the  bifurcated  leads  is,  therefore,  es¬ 
sential  to  proper  functioning.  The  length  of  the 
cable  from  antenna  to  junction  point  1  is  imma- 
tenal  within  limits.  About  60  ft  may  be  used. 

After  amplification  in  blocks  2  and  3  of  Fig- 
ure  32,  the  r-f  signals  are  then  mixed  with  local 


oscillator  frequencies  generated  in  blocks  4  W(j 
6,  so  that  at  the  points  8  and  9  there  appear  the 
separate  and  distinct  f-m  signals  for  each  micro- 
phone  channel  at  intermediate  carrier  frequen. 
cies  (i-f)  of  9  and  10  me  respectively.  These  are 
then  amplified  in  two  i-f  stages  (blocks  10  and 
11).  The  amplitudes  of  the  i-f  signals  fed  to 
the  discriminators  for  conversion  from  f-m  into 
audio  output  must  be  maintained  at  a  very  con¬ 
stant  level  independent  of  the  fluctuations  of  the 
r-f  signal  amplitude  received  at  the  antenna 
(because  of  varying  transmission  distance  and 
other  conditions  affecting  r-f  signal  strength). 
This  constancy  of  i-f  amplitude  is  maintained 
over  a  wide  range  of  input-amplitude  fluctua¬ 
tion,  in  part  by  the  automatic  volume  control  fed 
back  from  the  limiters,  12  and  13,  on  the  lines 
marked  “AVC,”  but  principally  by  the  (conven¬ 
tional)  operation  of  the  two-stage  limiters  them¬ 
selves.  The  AVC  serves  the  further  function  of 
furnishing  voltages,  indicating  the  received  sig¬ 
nal  strengths,  which,  in  the  normal  position  of 
a  spring-selector  switch  (at  the  point  marked 
AVC  on  the  panel  of  Figure  31)  appear  on  the 
panel  meter  and  indicate  the  degree  of  satura¬ 
tion  of  the  limiter.  The  operator,  thus,  has  a 
means  of  observing,  when  the  received  carrier- 
signal  strength  is  falling,  whether  it  is  approach¬ 
ing  dangerously  near  to  the  lower  limit  for 
reliable  operation. 

The  f-m,  amplitude-limited  signals  are  con¬ 
verted  by  the  Foster-Seeley  type  discriminators, 
14  and  16,  into  low-level  audio-frequency  sig- 
nals  at  points  16  and  17.  The  signals  at  these 
points  duplicate  electrically  the  mechanical  mo¬ 
tions  of  the  respective  FEI  transmitter  micro¬ 
phone  diaphragms  in  response  to  the  N-shaped 
shock-wave  excitation,  as  indicated  by  the 
sketched  wave  profile  on  the  block  diagram.  It 
will  be  observed  that  the  discriminator  output 
voltage  is  also  used  to  furnish  automatic  fre¬ 
quency  control  [AFC]  to  the  local  oscillators, 
so  that  slight  and  moderately  slow  drifts  of  FEI- 
transmitter  frequency  are  automatically  fol¬ 
lowed  so  as  to  maintain  the  i-f  carrier  fre¬ 
quency  in  the  receiver  at  the  correct  constant 
value.  (The  circuit  constants  are  such  that  the 
rapid  changes  in  i-f  frequency,  of  which  the 
shock-wave  signals  from  the  microphones  con¬ 
sist,  cannot  be  followed  bv  the  AFC.  Indeed, 
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the  audio  frequencies  below  200  c,  which  this 
arrangement  suppresses,  are  far  below  the 
range  excluded  by  the  audio  filters  20  and  21.) 

The  receiver  in  use  must  be  first  manually 
tuned  until  it  picks  up  the  transmitted  signal. 
The  AFC  can  then  be  turned  on  to  operate  auto¬ 
matically.  While  this  initial  manual  tuning  is 
being  done  the  spring  selector  switch  on  the 
front  panel  (Figure  31)  is  held  in  the  position 
marked  “tune”  and  in  this  position  the  AFC 
is  automatically  disconnected  and  the  panel  me¬ 
ter  connected  to  show  the  discriminator  volt¬ 
age.  As  the  tuning  button  (marked  “Freq.” 
on  the  panel)  is  exploring  across  the  transmitter 
frequency,  the  discriminator  voltage  will  pass 
through  the  familiar  positive  and  negative  peaks 
joined  by  the  intermediate  linear  working  range. 
Tuning  is  correct  when  the  meter  indicates  the 
zero  point  at  the  center  of  this  linear  range.  The 
spring  switch  can  now  be  released  and  allowed 
to  return  to  the  normal  working  position  (mark¬ 
ed  AVC  because,  as  already  explained,  the  panel 
meter  then  indicates  the  AVC  voltage).  In 
this  position  the  AFC  is  automatically  operat¬ 
ing.  A  third  position  marked  AFC  is  provided 
in  which  the  AFC  is  still  operative  but  the  dis¬ 
criminator  voltage  is  thrown  on  to  the  panel 
meter  in  case  it  is  desired  to  check  whether 
the  AFC  is  operating  correctly. 

A  ready  light  under  the  panel  meter  indicates, 
when  lighted,  that  both  channels  are  operating 
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Kiciike  34.  Diagram  of  nu<lio  iHind-imax  filter,  with 
circuit  constants. 


correctly  with  ample  radio-signal  strength  to 
saturate  both  limiters.  In  this  condition  only, 
a  relay  is  closed  which  permits  the  tape  recorder, 
or  the  integrating  shot  counters,  to  operate.  If 
the  tuning  is  faulty,  or  the  received  radio  sig¬ 
nal  strength  too  low,  the  light  will  flicker  or 
he  extinguished.  Such  disturbances  can  oc¬ 
casionally  produce  spurious  shot  records  which 
must  be  deducted  in  scoring. 

The  two  N-shaped  audio-frequency  micro¬ 
phone  signals  at  16  and  17,  Figure  32,  after 
suitable  impedance  transformation  in  the  cath¬ 


ode-follower  stages  18  and  19,  pass  through 
the  highly  important  audio  band-pass  filter  net¬ 
works  20  and  21.  These  filters  have  carefully 
designed  band-pass  characteristics  which  are 
down  3  db  from  mid-band  value  at  4,000  and  at 
10,000  c  respectively,  and  which  have  ultimate 


Fltll'RK  35.  Frequency  response  of  audio  Imnd-puss 
filter  and  equivalent  filter  circuit. 


slopes  on  either  side  of  about  12  db  per  octave. 
The  schematic  diagram  of  this  filter  together 
with  specifications  for  its  adjustment  appear  in 
Figure  34.  Figure  36  gives  the  frequency-re¬ 
sponse  curve.  This  filter  eliminates  low-fre¬ 
quency  noise  disturbances  but  retains  the  two 
discontinuities,  H  and  T,  of  the  shock  wave  in 
the  form  of  two  transient  pulses  as  indicated  in 
Figure  32  at  the  points  22  and  23.  By  detailed 
mathematical  analysis*0*  of  the  transient  re¬ 
sponse  of  this  filter  it  has  been  shown  that  the 
higher  of  the  two  pips  which  it  gives  in  response 
to  the  H  and  T  discontinuities  is,  to  sufficient 
accuracy,  proportional  to  the  N-wave  peak 
amplitude  and  independent  of  the  N-wave  pe¬ 
riod  within  the  limits  of  0.3  to  1.6  milliseconds. 
Figure  36  shows  the  transient  responses  of  this 
filter  to  N-waves  of  different  periods  as  calcu¬ 
lated  in  the  aforementioned  analysis. 

The  analysis  shows  that  the  average  of  the  two  pip 
amplitudes  would  have  had  even  better  characteristics  in 
this  respect,  but  too  many  circuit  complications  seemed 
to  be  involved  in  order  to  utilize  this  fact. 

The  properties  of  the  filter  are  such  that  essentially 
only  the  step  discontinuities  of  the  N  wave  come  through 
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Magnetic  I^cordlng  Research 


Beggs,  George  E. 

Office  of  Scientific  Research  and  Development,  Washington,  D.  C.  (None) 


(Same) 

1848  Confd’l  U.S. 


Eng. 


80  photos,  dlagrs,  graphs 


Recent  developments  in  magnetic  recording  research  are  discussed.  A  magnetic  transient 
recorder,  having  a  frequency  range  extending  from  about  800  to  30,000  cycles,  over  which 
phase  distortions  are  held  to  a  minimum,  is  described.  Two  signal  carriers,  having  developed 
Improved  frequency  response  are  the  electroplated  ribbon  produced  by  electroplating  a  thin 
layer  of  magnetlsable  alloy  on  a  metallic  nonmagnetic  bjjse,  and  the  powder-coated  tape 
constating  of  a  tape  of  either  paper  or  plastic  material,  coated  with  a  thin  lay ar  of  synthetic 
magnetite  in  a  lacquer-type  binder.  A  new  ring  head  was  developed  for  recording  end  re¬ 
producing,  which  has  reduced  iron  losses,  Improved  frequency  response,  and  is  inherently 
ham-free. 


Copies  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  MCIDXD 
Electronics  (3)  Recorders,  Magnetic  (81004) 

Communications  (1) 
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iYO.nl  i  thf  iirijrinul  transient.  This  aids  in  is  used  on  final  playlauk.  follnwinjr  the  second 
ubtaiiii  /  a  r»i*ord  from  at  least  one  of  the  reversal  of  ta|N*  motion,  to  prevent  it  from  ile- 
r,o.r'l  channels  when-  the  transient  from  tract  in*;  from  the  observation  i»f  the  initial 


the  t»|H-  -it-timlly  contacts  11  considerable  |«.r-  plated  or  coated  tains,  where  the  magnetic 
tion  of  the  ring  nn  either  aide  »f  the  gup  ilur-  material  is  thin.  All  tests  on  KR  or  POT  were 


choice  of  magnetic  mate  rials,  since  the  material  that  the  coercive  force  of  almost  all 


Oscillographs 

Bttggs,  George  K. 

Office  of  Scientific  ReMarch  end  Development,  Washington,  D.  C, 

(Same) 


23284 

(Non*) 


1948  Confd’l  UJ.  "ng.  27  photos,  di&grs,  graph,  drwg 

Four  oscillographic  developments  ere  described  which  were  Intended  primarily  for  nse  at  proving  grounds, 
for  accurate  quantitative  measurements  of  blast  pressures,  trunnion  reactions,  recoil-cylinder  pressures, 
barrel  strains,  and  muzzle  )ieloclties.  A  multielement  mechanical  oscillograph  was  developed  with 
associated  amplifiers,  for  the  simultaneous  recording  of  six  channels  of  information  on  photographic 
paper.  Another  oscillographic  development  was  a  three-channel  CRO,  with  a  fourth  channel  introducing 
timing  lines,  the  units  of  which  were  adaptable  to  recording  on  a  drum  camera  with  a  frequency  response 
as  high  as  several  megacycles.  A  mobile  laboratory  trailer  containing  a  four-channel  recording  CRO, 
high-speed  camera  to  photograph  the  traces,  sad  remote  control  and  dark  room  facilities.  The  fourth 
dtvtlopmani  was  an  instrument  trailer  for  recording  tho  time  sequences  originating  from  an  airplane  In 
flight  sad  terminating  on  or  near  the  ground. 


Copies  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  MCIDXD 
Electronics  (3)  ZoOSC 

Testing  (11)  Oscillographs  (88483.2) 
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pushes  the  record  normal  button  am!  the  event  J»ijrnaloil  from  plane  to  truiler  by  means  of 
is  recorded  at  suitable  apeod.  The  timing  mech-  momentary  interruption  of  n  l.ooo*  ton*  bail 
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for  tost  purposes  the  signal  transmitter  whs 
placed  13  miles  distunt  from  the  trailer.  Its 
record  is  shown  in  the  9th  trace,  lul>eled  “Radio 
Signal,"  on  Figure  1!).  The  first  8  traces  re¬ 
cord  the  signals  from  the  photocells  and  micro¬ 
phones,  the  10th,  the  record  made  by  the  timer. 
The  11th  trace  shows  the  breaking  of  u  wire 
wrapped  around  the  eau  by  the  exploding  charge. 

The  churge  whs  to  lx1  fired  some  20  seconds 
ufter  the  second  tone  break  which  is  shown  at 
1.758  seconds.  After  this  break  the  record  slow 
button  was  pushed ;  and  a  return  was  mude  to 
record  normal  ubout  20  seconds  later.  At  21.602 


seconds  the  charge  exploded,  as  is  shown  In- 
photocell  flashes  /'l,  /* 2,  /*3,  and  /'I.  and  bi- 
trace  11.  Arrival  of  the  sound  at  tin  micro¬ 
phones  is  indicated  by  .1/1,  .1/2,  .1/3,  ami  l/i,  th,. 
times  being  respectively  22.007,  23.417  22.823 
and  23.438  seconds.  In  this  connection,  one'of 
the  points  requiring  greatest  care  in  the  analy- 
sis  of  a  record  is  the  determination  of  the 
initial  microphone  breaks.  Calculations  made 
with  these  data  indicated  the  shot  to  have  oc 
furred  at  r  —  -  0.3  ft.  //  =  {  1296.6  ft  based  up¬ 
on  station  3  as  the  origin  of  eixirdinates.  The  sur¬ 
veyed  locution  was  x  =  0.0  ft,  \j  —  -  1298.0  ft. 
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Lnroitlgttionu  were  conducted  with  the  betatron  and  the  electrostatic  generator  to  ascertain  the 
radiographic  possibilities  of  extremely  penetrating  X-rays  r.nd  to  develop  techniques  for  their  use. 
The  X-rr.y  beam  frorr  tho  betgitron  13  a  pulsating  ore,  while  the  beam  intensity  from  the  elec¬ 
trostatic  generator  Is  constant  with  time.  With  thn  betatron,  the  voltage  range  examined  was  from 
3  to  20  !/V;  with  the  alectroststtc  generator,  the  voltngo  range  w»s  from  0.5  to  2.5  MV.  The  radia¬ 
tion  produced  by  the  large  betatron  is  better  for  mdingrrohy  became  there  Is  less  scattering  asao- 
elated  with  it,  wider  film  latitudes  remit,  and  reasonable  exposure  times  for  thicker  specimens  an 
obtained.  The  electroftrtlc  goner;  tor  operating  at  <  W  would  probably  be  superior  to  the  20  MV 
betatron  in  exposure  time,  even  for  thick  sections. 


Copios  of  this  report  obtainable  from  Air  Documents  Division:  Attn:  MCIDXD 
General  Science  (33)  Radiography,  High  voltage  -  X-ray 
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Two  l'Ko.1  Kt'TS  for  tin*  investigation  of  X-ray 
radiography  with  extremely  high  voltages 
were  initiated  liy  Section  IK).  Instruments.  of 
XDRC.  one  at  the  Massachusetts  Institute  of 
Technology  I M IT J  in  the  summer  of  lit  11.  ntul 
the  other  at  the  I'niversity  of  Illinois  in  Janu¬ 
ary  lit  12.  When  these  investigations  were  be¬ 
gun.  high-voltage  radiography  in  the  range  np 
tonne  million  volts  was  gaining  an  estaldished 
place  in  the  production  of  ships,  tanks,  puns, 
plain’s,  ami  other  war  materiel.  The  researches 
in  hi ;ih  i  e  voltayre  ran  ires  were  undertaken  be¬ 
cause  it  appeared  that  they  iniirht  oiler  im¬ 
portant  advantaires  for  radioirraphy  of  objects 
of  medium  and  larire  thicknesses  (irreater  than 
4  or  .I  in.  in  equivalent  steel  thickness).  Thus, 
the  investigations  were  beirun  to  iiscertain  the 
railinjrraphic  possibilities  of  extremely  pene- 
t rating  X-rays  and  to  develop  techniques  for 
their  use. 

Kaeli  iuvestiiration  was  built  around  a  spe¬ 
cific  machine  or  device  for  jrcncratinir  high- 
voitaire  X-rays.  At  the  University  of  Illinois 
this  device  was  the  betatron,  which  had  been 
desiirm-d  and  developed  previously  by  I).  W. 
Keist  At  MIT  it  was  the  electrostatic  getter- 
ator.  which  hail  been  developed  previously  by 
11-  J.  Van  de  (iraafT.  Knch  nf  these  machines 
const  tales  a  method  of  aecelerutinir  electrons 
1,1  V'  Inirh  velocities.  X-rays  are  electromag¬ 
netic  radiations  like  visible  liirht  but  nf  very 
mud  hnrter  wavelenirth  anil  lire  produced  by 
'he  c  ion  of  these  high-energy  electrons  with 
a  na  target.  X-ray  nulioirraphs.  or  pictures, 
an  de  when  u  beam  of  X-rnys  passes 
thn  j,  dense  object  (such  as  a  metul  cast- 
iat-'i  d  impinges  upon  a  photographic  film. 
^  i  qre  throuirh  the  object  the  X-ray  Imam 
um  ies  selective  absorption,  i.e.,  the  thicker 
lor'  of  the  object  absorb  more  X-ruiliution 

‘  is,  N( l-l 2:1. 

'I  l’r]i.|i)ioiie  l.uliorutm‘ies. 


than  do  the  thinner  portions.  Accordingly,  on 
reaching  the  film  the  X-ray  licam.  which  may 
lie  assumed  to  have  been  uniform  originally, 
varies  in  intensity  over  its  cross  section.  The 
detection  of  this  variation  of  intensity  by  the 
photographic  emulsion  results  in  an  X-rny 
radiograph. 

A  betatron  and  its  control  panel  are  shown 
in  Figures  1  and  2.  A  prodnction-ty|ie  lietatron 
X-ray  generator  installation  is  shown  in  Fig¬ 
ure  :i.  In  a  betatron  electrons  are  given  energy 
by  the  accelerating  effect  of  a  changing  mag¬ 
netic  field.  A  toroidal  (doughnut)  vacuum  tube 
is  placed  between  circular,  specially  shaped 
pole  pieces  of  a  laminated,  a-c  magnet  which 
is  o|ierntod  at  11  frequency  of  ISO  c.  F.lcctrons 
are  injected  tangentially  from  a  “gnu."  which 
is  placed  within  the  tube,  shortly  after  the 
magnetic  field  has  passed  through  zero.  As  the 
field  increases  the  electrons  are  accelerated 
around  the  tube,  gaining  an  average  of  nlxiut  05 
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The  development  ol  a  bomb-retardation  to  cover  high-nlUtude 

Air  wnrfers  vox  Ue  It  McesMxy  to  IndteaU  the  retardation  experienced  by  a 

bombing.  .*  request  nuts  made  for  a  dov.-a  ulu  .  anri  a  radio  transmitter.  A  number  of 

bomb  during  flight.  This  lot  to  tni  design  cl  *  junctions  suitable  for  construction  of 

teste  •riftl.aao-lb.  taBd»  m  la  measuring  utal  re¬ 
bombing  tables  could  to  deduct*.  -he i  tea  accelerometer  by  the  y«wto#  »<*«» 

tardattmi  cf  ft*  bomb.  The  cealriluga-  fo.  CC^f^  ^  u*  dUporsion  in  drag  forces.  A»  a  resulto! 

*£  W*  “» «-«—  to *• um 

2&SSU$£>  -.mpK*  o: «  *«*  *  w  »->** 

C3pi=E  *  thU  r.J«t  *w«*u  fro=  *U  D0CU»c»a 

SS.M  «««.»;  Bom*n«  Ubl~  -  **» 
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BOMB  INSTRUMENTATION 


ft  coil  due  to  a  change  in  the  reluctance  of  the 
magnetic  circuit  occasioned  by  the  retarding 
forces  on  the  bomb. 

4.  To  determine  the  change  in  capacitance  of 
a  condenser  due  to  motion  of  its  plates  occa¬ 
sioned  by  the  retardation  forces  on  the  bomb. 

No  experimental  work  was  carried  out  on 
schemes  (1)  and  (4).  Some  rough  tests  were 
made  on  (2),  but  (2)  looked  so  much  more 
promising  from  preliminary  tests  that  it  was 
the  one  actually  developed. 

From  the  beginning  the  development  was 
straightforward,  with  modifications  resulting 


from  actual  bomb  tests  conducted  from  time  to 
time  at  the  Aberdeen  Proving  Ground.  For  ex¬ 
ample,  one  such  modification  of  the  original 
plan  was  the  inclusion  of  the  solenoid  arrange¬ 
ment  for  holding  the  plunger  in  a  fixed  ixisi- 
tion  while  a  beat  frequency  was  recorded  just 
prior  to  release  of  the  bomb.  Before  such  an 
arrangement  was  adopted  it  was  necessary  to 
record  the  beat  frequency  when  the  bomb  was 
in  position  in  the  plane  and  to  determine  the 
“effective  retardation"  associated  with  that 
beat  frequency  from  the  angle  of  inclination  of 
the  axis  of  the  bomb. 
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An  extensive  aeries  of  tests  van  conducted  to  determine  the  damage  from  underwater  explosions  against 
s1rnul?.tnd  hr!?  r.hrpec.  The  •coat  Immediate  need  was  for  a  device  to  be  used  In  connection  with  largo- 
scnlr  test;  :rd  electrenn'tnettc  deflection  unit  was  developed,  unicii  Is  aa  olectroruc  device  designed 
especially  tr  <r  ensure  thp  deflection  and  velocity  of  a  test  bulkhead  during  too  tior.e  it  is  undergoing  the 
effects  of  and  erctoptve  rhrr<*e.  This  was  accomplished  liy  measuring  toe  coupling  between  two  colls. 
The  tochr'^v;  «r'r«iovsd  in  recording  signals,  measuring  bulknead  ueilections,  and  recording  inflections 
and  nmpUh’rlr  vrinMons  in  telly  •rolalneri.  The  optical  deflection  gauge  v,vu  the  result  of  »•  demand  for 
a  leas  bu?5y  "-It  fir  smill-se’le  ♦eats.  Onerstion  of  the  device  is  uased  entirely  upon  opticp’.  principles 
and  consirt.3  if  bro  repent*  niece*  the  light  unit  and  tne  power  unit.  of  toe  vsirious  types  considered, 
optica)  rirfl ent'-r.  -•'cop  T~n  considered  the  most  promising. 

Oonief.  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  MCIDXD 
Ordnance  and  Armament  (22)  Explosions  -  3hock  and  pressor* 

P’jlHeticc  (l  2)  measurement  (3445b);  ILsplosions,  Underwater  -  Test 
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rniiK  l'  s.  Navy  Kckkac  of  Ships  was  con- 
J  ducting  nu  extensive  series  of  tests  of  dam¬ 
age  from  underwater  explosions  against  simu¬ 
lated  hull  shapes  ami  eaissons,  in  onler  to  evalu¬ 
ate  the  elfeetiveliess  of  different  types  of  struc¬ 
tures  in  resisting  explosive  forees.  Some  of  these 
tests  were  made  oil  full-scale  and  others  on  re¬ 
duced-scale  models.  Due  to  the  cost  of  lalior  and 
materials  in  const  met  ing  caissons  of  the  type 
used,  it  appeared  to  he  essential  that  the  utmost 
in  useful  information  lie  derived  from  each  test. 
The  most  useful  measurements  were  those  of 
deformations  and  deflect  ions  of  various  portions 
of  a  structure  as  functions  of  time  plotted  on  the 
same  axis. 

Prior  to  the  development  recorded  here,  mea¬ 
surements  of  initial  movements  in  such  tests 
had  hern  obtained  from  velocity  meters  and  uc- 
'celeronieters.  the  remaining:  movements  beinjr 
measured  by  deflection-indicating  devices  such 
as  “streak"  cameras,  plastic  strain  gauges  and 
hanks  of  contactor  points.  None  of  these  devices 
had  the  desirable  feature  of  providing,  on  a  sin- 
Ifle  continuous  record  and  consequently  on  one 
time  I  . .  complete  infomiation  us  to  the  veloc¬ 
ity  and  detlection  (both  positive  and  negative) 
“f !l  V  ell  point  on  a  test  bulkhead. 

Th,  Bureau  of  Ships  therefore  requested  that 
a  l>r<  '  be  set  up  by  the  Niitioiiul  Defense  Ite- 
scari 1  <  ommittee  for  the  purpose  of  developing 
devil .  I’m-  the  measureiiieiit  of  displacement  as 
a  fur  .1  of  time. 

Mll.lTYKY  It  Kyi  1 1!  KM  KM’S 

I'  requested  that  two  types  of  device  be 

dew  ,|  (i)  ont.  |Ult  involving  mechanical 

atta.  s-nt  to  the  moving  target.  and  (2)  one  in- 
'’l,l'  ittachmeut  to  the  target,  provided  only 
,h:‘<  type  olTered  substantial  simplification 

ov<,r  former. 

*  N 

id  Aide,  lljvisinii  17.  Nliltt*. 


r  i 

:  ash ring  devices' 

1  ■»> 1 

The  basic  performance  s|iecifieutions  were  ns 
follows. 

1 .  The  device  was  to  record  deflections  of  from 

2  to  ft  ft. 

2.  The  device  was  to  provide  n  good  record  of 
tile  path  of  a  (mint  on  the  structure  ns  a  function 
of  time  after  impact,  even  if  the  point  attained 
velocities  of  f’.Oll  or  more  feet  per  second. 

ft.  Any  device  attached  to  the  moving  target 
was  to  withstand  high  initial  accelerations  (esti¬ 
mated  to  lie  possibly  2.0(M>i>).  although  it  need 
not  record  the  values  of  the  accelerations. 

The  most  immediate  need  of  the  Bureau  of 
Ships  was  for  a  dev  ice  to  use  ill  connection  with 
large-scale  tests.  In  such  tests  the  deflections 
encountered  were  of  the  order  of  12  in.  and  the 
model  was  of  such  size  that  the  attachment  of 
a  moving  memlier  to  it  did  not  detract  appreci¬ 
ably  front  the  accuracy  of  the  measurements. 
Accordingly,  the  first  tyfie  of  unit  developed 
was  an  <  It  vtmowijnvtic  i/i  flirt /mi  unit  [KMU] 
which  required  the  affixing  of  a  member  of  the 
test  object. 

Sometimes  the  tests  conducted  by  the  Bureau 
of  Ships  are  mi  as  small  a  scale  ns  1  l(i.  that  is. 
the  gauge  of  the  metal  used  is  > full-size  and 
the  charge  is  suitably  reduced.  For  tests  on  such 
a  small  scale,  the  metal  is  so  light  that  attaching 
a  test  device  to  it  would  nlTect  the  results.  Ac¬ 
cordingly.  when  the  KMU  was  nearing  com¬ 
pletion  the  Bureau  of  Ships  asked  that  the  con¬ 
tractor  devote  his  efforts  to  the  other  part  of  the 
original  request,  namely  the  development  of  a 
device  not  requiring  attachments  to  the  test  ob¬ 
ject  or  requiring  attachments  with  so  little  iner¬ 
tia  as  to  have  no  appreciable  influence  on  the 
results  from  a  model  of  considerably  reduced 
scale.  The  K/iticnl  ih  tln-tiiw  iim'in  [ODG]  re¬ 
sulted  from  this  phase  of  the  work. 

The  basic  specifications  for  the  ODG  were  as 
follows. 

1 .  A  minimum  of  apparatus  was  to  Ik-  attached 
to  the  structure  under  consideration  and  its  na¬ 
ture  to  lie  such  iis  not  to  alter  in  any  appreciable 
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There  was  need  for  a  device  to  measure  Am  wall  thicknesses  of  a  largo  stock  of  hollow- steel  pro¬ 
peller  Blades,  which  were  suspected  of  having  weakened  areas  because  of  grinding.  The  require¬ 
ments  specified  a  simple,  rapid,  and  easily  managed  method  of  measuring  blades  to  within  an 
accuracy  of  3  mils.  The  Texas  Company  constructed  a  pantograph,  which  proved  satisfactory  In 
tests.  Approximately  100  locations  were  measured  on  a  standard  propeller  blade.  T|e  wall 
thicknesses  were  checked  first  with  an  Ames  mechanical  Indicator.  It  was  assumed  that  the 
Indicator  was  correct,  but  tests  showed  thet  the  measurements  varied  upoto  10  mils.  However, 
the  gamma- ray  instrument  yielded  values  which  were  well  within  the  specified  accuracy  require¬ 
ments  of  plus  or  minus  3  mils.  In  general,  the  device  completely  satisfied  the  requirements,  * 
description  and  technical  information  axe  submitted. 


Copies  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  1IC1DXD 
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that  is  coaxial  with  the  counter.  After  holes  of 
various  sizes  had  heen  tested,  a  diameter  of  ■■  i  in. 
was  chosen.  Figure  ti  shows  the  euiihration  cui  \  e 
for  this  hole.  The  thickness  of  the  sheet  inter- 


iioscd  lietween  source  and  detector  is  plnth 
aliscissu  and  the  time  in  minutes  to  count  7t 
pulses  is  plotted  as  ordinate.  It  was  expciii 
tally  determined  that  the  ■'  i-in.  hole  avei  il 
the  blade  thickness  over  an  area  of  0.4  sq  in 
One  disadvantage  of  the  selenium  souvi 
that  after  a  period  of  180  days  the  intens  i 
the  gamma-ray  beam  has  decreased  to  hi  nt 
its  original  value.  For  accurate  measurer  ts 
the  decrease  in  primary  intensity  must  lie  t  n 
into  account.  Practically,  it  turns  out  that  the 
decrease  per  2 1  hours  corresponds  to  thi  al  rp- 
tion  which  is  caused  liy  a  2-mil  thickness  of  steel, 
if  a  calihratioii  curve  as  shown  in  Figuri  li  is 
used,  each  day  an  additional  2  mils  must  he  .-sub¬ 
tracted  front  the  measured  thickness,  if  the 
age  of  the  source  is  unknown,  a  new  ealihratinn 
curve  can  easily  lie  determined. 
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An  electronic  counter  measures  and  records  die  number  of  electric  pulses  received  from  a 
designed  network.  Because  of  the  low  inertia  of  electronic  shstems,  such  a  counter  is  capab 
counting  speed  thousands  of  times  greater  than  that  of  the  best  mechanical  counter.  A  scale- 
counter  registers  every  tenth  impulse,  a  scale-of-100  counter  registers  every  hundredth  lmpi 
etc.  Impulses  entering  the  counter  are  divided  through  successive  units  in  cascade  until  the  t 
is  small  enough  to  be  recorded  by  a  mechanical  counter.  The  reading  is  then  multiplied  by  th 
of  die  electronic  counter.  A  description  and  technical  information  are  submitted  on  the  ulti  a- 
speed  decimal  accumulator,  controlled  impulse  generator,  electronic  counter  communication 
and  the  electronic -gate  circuit.  The  ideas  and  circuits  considered  in  the  development  of  the  1 
circuits  are  also  describee. 

Copies  of  this  report  obtainable  from  Air  Documents  Division;  Attn:  MCIDXD 
Electronics  (S)  Cc«tn’.oi-ts  Flertronie  (?715fs' 

Components  (10) 

C-3-10 

Air  Dec  ks':*.-:  r 
Ai.  o,  IVrir-jii 
fciioiortim 

HZ  13*" i f: 


Chapter  9 


den  keopment  and  applications  of  electronic  counter  circuits 

By  <in,rgr  K.  Br/w*.  Jr."  iiml  F.  /,. 


•I  IXTKumCTIO.N 

An  ELECTRONIC  COUNTER  is  an  instrument 
which  measures  and  records  the  number  of 
electric  pulses  it  receives  from  a  suitably  de¬ 
signed  network.  The  term  ‘•electronic  counter" 
is  here  used  to  refer  to  the  complete  apparatus 
used  for  this  pur) wise.  Because1  of  the  low  iuertia 
of  electronic  systems,  such  a  counter  is  callable1 
of  a  counting  speed  thoasaneis  of  times  greater 
than  that  of  the  lH*st  mechanical  counter.  A  scale- 
of-in  counter  registers  every  tenth  impulse:  a 
scale-of-lOO  counter  (e.g..  two  scales-of-10  in 
cascade)  registers  every  hundredth  impulse,  and 
soon.  Impulses  entering  the  counter  are  divide-el 
again  and  again  through  successive  units  in 
cascade  until  the  effective  nnmlier  is  small 
enough  to  la-  recorded  by  a  mechanical  counter, 
the  reading  of  which  is  then  multiplied  by  the 
scale  of  the  electronic  counter. 

A  decimal-system  counter  consists  of  a  num¬ 
ber  of  elements — units  order,  tens  order,  hun¬ 
dreds  eireler.  etc. — which  tedl  hew  many  units, 
tens,  hundreds,  etc.,  have  Iwe-n  counted.  Any  eir- 
der  consists  eif  a  series  eir  ring  eif  tube's  which 
are'  rcnelcreel  conducting  (anil  later,  noncimeluct- 
ingi  sii|uentially  and  re-penti'illy  as  succe-ssive 
impulses  are  feel  to  the  oreler.  One  of  the  tuls*s 
in  a  ring  is  arranger!  not  only  to  be'come  coneluct- 
ing  in  its  proiicr  sequence.  hut  also  to  pass  nn 
im;  dse*  on  to  the  next  higher  oreler.  so  as  to 
rce  id  the  nnmlier  of  time's  the  complete  ring 
ha  ooen  traverse'll.  At  the  enel  of  a  counting 
Pei  d.  the  count  received  by  the  oreler  is  ele1- 
ter  Heel  by  the  number  of  complete1  traversals 
(ii  rated  by  the  next  higher  oreler)  anil  the 
Per  ‘inn  of  the  thud  conducting  tube'  in  tiering. 

'  r  any  order  in  a  counter,  the  conslan.s  of 
th'  .dies,  the  circuit  constants,  'enel  the  type  of 
cii  : it  limit  the  s|ieeel  with  which  one  tula1  can 
be  "iielered  conducting  and  the  preceeling  one 
n<'  oniiucting.  For  any  complete  counter,  the 
br  'ing  factor  in  the  counting  is  the  speed  of 

‘■ehniciel  Aiele\  Sections  17.1  eenil  17.2,  NDRI- 
clinical  Aide,  Division  17,  NPRC. 


the  units-order  counter  which  must  correctly 
res)>onel  to  all  impulses ;  the  restrictions  on  speed 
anil  lKrformance  of  subsequent  orders  in  a 
cascaeie  lire  much  less  stringe*nt.  This  project 
was  concerned  with  increasing  counting  speeds 
of  electronic  counters.  Acceirelingly,  it  was  con¬ 
cerned  with  ile-volupmeiit  of  circuits  for  use  as 
low  orelers  in  n  complete  counter,  which  would 
minimize  the1  time  involved  in  changing  the  con- 
elucting  states  of  two  successive  tubes. 


MII.IT \m  HK(.H  IKKMKNTS 

When  this  work  was  undertaken  electronic 
counters  were  available  which  would  count  ac¬ 
curately  as  many  as  20,<HM)  re'gularly  siiaceel 
electric  pulse's  )ier  second  using  the  decimal  sys¬ 
tem.  or  220.IM1U  pulse's  per  seeemel  using  a  scale- 
of-2  counter.  There  was  no  detinite  military  re- 
epiireme'iit  for  ile-veloiiment  of  counters  with 
higher  spcctl*.  but  it  was  lsdieveel  that  the  ele- 
vcliipme'iit  of  ri'liable  circuits  cnpalile  of  higher 
counting  rate's  would  I*'  n  useful  undertaking 
anil  that  valuable  applications  might  result.  For 
example*,  high  s]M*eds  would  make  it  possible  to 
eliviele  a  time-  scale*  into  very  small  units,  thus 
liermitting  many  tyia-s  of  precise  measurements 
otherwise  ini)*issililo. 

The-  sini)iH'st  electronic  counter  is  a  scale-of-2 
tv|H'  consisting  e’ssentlally  of  two  tubes  which 
are'  made  iilteriuiti'ly  conducting  by  successive 
impulses.  It  transmits  a  single  impulse  for  every 
two  it  re'cedves.  if  n  such  counters  are  arranged 
in  cascade'  the-y  are  rel'erreil  to  as  a  binary  count¬ 
er  with  a  scale'  of  2".  Such  :■  counter  is  speedy, 
lint,  since-  it  reports  in  powers  of  two.  its  read¬ 
ings  are  m.t  convenient  for  interpre'tation.  A 
more1  simple  Imt  less  spiidy  arrangement  is  a 
decimal  system  reporting  in  powers  of  ten.  Ac- 
eorilingly.  then-  was  placed  on  the  research  the 
additional  requirement  that  the  system  ele- 
ve-loped  lie  a  ete'cimiil  one.  The  initial  objective 
in  the  work  aimed  at  a  reliable  counting  speed 
of  500,000  impulses  per  second  (ips). 
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First  Funnier  MimIi'I  ' 

The  wiring  ilinjtrnm  of  the  first  eouiiter  moilel 
developed  h.v  the  Niitiiinul  Cush  Register  t'oni- 
piiny  is  given  in  the  contractor's  original  re|Nirt.' 

The  units-oriler  counter  comprises  n  scalc-of- 
2  followed  by  n  senle-of-5  gas-tube  emmter.  The 


tens-  anil  himilreils-nriler  ileemles  are  thyratroii 
rings  of  tell  tubes  each.  A  mntor-ilrivell  elect rn- 
niecluiniciil  inilicutor  senses  the  counter  ilecadcs 
nml  inilicntes  the  cnnnts  after  the  counting  |ie- 
rii»l.  After  each  count  the  instrument  can  lie 
reset  to  zero  by  operating  the  relay  system  which 
is  a  part  of  the  instrument. 
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An  investigation  was  conducted  to  develop  a  production  method  for  detecting  improperly  banded  pro* 
Jectlles.  The  gilded-metal  bond  prevents  the  escr.p*  at  powder  gises  past  the  shell,  and  Imparts 
rotation  to  the  shell  as  it  is  forced  through  the  gun  barrel.  Improperly  seated  bands  have  *  marked 
effect  upon  the  mussle  velocity  of  the  shell,  and  this  results  in  a  wide  dispersion  in  the  range©!  the 
projectiles.  A  number  of  methods  were  tested,  hut  the  KUpsch  compression-test  method  prcplded 
the  beet  correlation  with  firing  data  and  was  recommended  for  adoption  as  a  production  -test  method. 
A  thorough  description  is  given  of  the  Kllpsch  method.  The  machine  is  similar  in  principle  to  th? 
standard  Brlnell  tefcter,  ted  It  is  of  the  hydraulic  type.  It  is  very  simple  to  operate,  and  can  test 
100  shells  per  hour.  X-ray  methods  art  also  described. 


Copies  of  tills  report  obtainable  from  Air  Document  Division;  Attn:  MC1DXD 
Ordnance  and  \miament  (12)  Projectile  rotrttn?  binds  -  Tcs*n<* 
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Tilt:  niUKcT  i'f  this  investigation  was  to  de- 
velop  a  nondestructive  production  method 
fur  detect  ittK  impriqierly  banded  projectiles.  The 
plding-mctal  tin  ml  serves  as  a  seal  to  prevent 
the  escape  of  the  powder  cases  past  the  shell, 
and  to  impart  rotation  to  the  shell  ns  it  is  forced 
throned  the  rilling  of  the  can  barrel.  lntpro|>erl.v 
seated  bands  have  a  marked  effect  upon  the  muz¬ 
zle  velocity  of  the  shell,  and  this  results  in  a  wide 
dispersion  in  the  ranee  of  the  projectiles. 

hwiu.m; 

The  clearance  or  cat)  that  exists  between  the 
band  and  its  seat  in  improjierl.v  banded  shells 
may  take  one  of  several  forms. 

1  The  band  is  pressed  (irmly  against  the 
knurling  on  the  band  seat  but  has  not  licen  forced 
down  aeainst  the  band  seat  between  the  knurls. 

2.  The  baud  is  loose  at  all  points.  It  not  only 
does  not  make  contact  with  the  band  seat,  but 
also  has  spruuc  away  from  the  knurline. 

3.  The  band  is  not  coaxial  with  the  shell  body : 
that  is.  it  may  lit  tichtly  at  one  odec  of  the  baud 
seat  while  clearance  exists  at  the  other  edge. 

In  (tenoral,  the  clearance,  whatever  its  type, 
is  not  uniform  about  the  circumference.  Values 
of  clearance  amounting  to  ns  much  ns  eight  or 
ten  mils  and  even  more  have  been  found  in  poorly 
banded  shells, 

A  niform  clearance  of  one  mil  around  the 
circumference  of  a  shell  is  equivalent  to  a  reduc- 
tion  the  outside-band  diameter  of  two  mils. 
Test  at  proving  grounds  have  shown  that  a  va- 
riat  of  band  diameter  in  projierly  banded 
sb<  also  affects  the  muzzle  velocity  and  range 
of  ’  projectile.  A  shell  having  a  tightly  seated 
bill  1.218-in.  diameter,  would  have  a  muzzle 
V<‘1  ty  practically  identical  with  a  shell  having 
iru. 

hnirul  A  Me,  division  17. 


a  |MH»rly  seated  band  of  1.220-in.  diameter  and 
an  average  clearance  around  the  circumference 
of  1  mil.  The  Ordnance  S)ieci  Rent  ions  permit  a 
variation  in  band  diameter  of  *  0.003  in.  from 
a  nominal  outside  diameter  of  4.220  in.  When  a 
shell  is  fired  which  has  either  clearance  under¬ 
neath  a  band  of  the  correct  diameter  or  has  a 
tightly  seated  under-sized  band,  full  powder 
pressure  is  not  applied  to  the  shell,  and  there  is 
a  clearly  defined  flash  of  burning  (siwder  at  the 
muzzle  and  the  velocity  of  the  projectile  is  below 
normal.  If  the  shell  band  is  of  the  correct  diam¬ 
eter  and  is  properly  banded,  then  the  flash  is 
not  observed  inasmuch  as  the  |M>wder  is  com¬ 
pletely  consumed  before  the  shell  leaves  the  gun. 

The  effect  of  band  clearance  on  the  muzzle 
velocity  of  a  105-mm  shell  amounts  to  n  reduc¬ 
tion  of  2.t>  (Aberdeen  Proving  ('.round)  to  3.2 
(Southwestern  Proving  Ground)  fps  per  mil  of 
clearance  at  a  muzzle  velocity  of  1.030  fps. 
Therefore,  the  effect  of  a  variation  of  1  mil 
in  baud  diameter  would  produce  approximately 
1.5  fps  change  in  muzzle  velocity. 

i»  i  PIK  Ml  Mll.K  IIISPK.USION  OK 
Mt  ZZI.K  VKI.OCm 

In  addition  to  banding,  other  factors  produce 
variations  in  muzzle  velocity.  The  most  impor¬ 
tant  of  these  is  the  powder.  The  proving  grounds 
report  that  powder  irregularities  account  for  a 
variation  of  *  7  in  a  muzzle  velocity  of  1.030  fps. 
It  is  evident,  therefore,  that  iis  ii  result  of  varia¬ 
tions  in  banding  and  powder  one  may  expect  a 
dispersion  in  muzzle  velocity  of  approximately 
•  12  in  a  velocity  of  1 .030  fps  in  correctly  banded 
shells  whose  band  diameters  conform  to  the  al¬ 
lowable  specification  limits.  Tests  at  the  proving 
grounds  show  that  more  than  !)5  per  cent  of  the 
good  shells  have  a  muzzle  velocity  within  *10 
fps  of  the  reference  shells. 

it  should  lie  observed,  therefore,  that  the  abil¬ 
ity  to  detect  variations  in  muzzle  velocity  due 
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satisfactory.  Actually,  the  |torceiitnge  of  good 
.shells  rejected  in  Ixith  cases  is  so  small  that  it  is 
negligible.  Apparently,  therefore,  there  is  little 
to  choose  from  in  determining  which  acceptance 
method  to  use.  The  odds  are.  however,  slightly 
in  favor  of  indicated  looseness  ns  providing  the 
better  production  test  of  impro|ierly  banded 
105-mm  shells. 

When  this  investigation  was  started  in  Janu¬ 


ary  of  1  il  l  !,  improper  banding  was  the  major 
factor  in  muzzle-velocity  dispersion  for  105-mm 
shells.  At  the  conclusion  of  this  investigation  the 
disjiersion  attributable  to  pow  der  variations  had 
become  a  major  factor  in  the  problem.  It  was 
ljclievcd  that,  with  the  ex]>ericnce  gained  in  the 
band  investigation,  real  and  rapid  progress  could 
be  made  in  discovering  the  causes  that  underlie 
the  powder  dispersion. 
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Two  typos  of  helium-purity  Indicators  were  developed  to  determine  the  percentage  of  nlr  Itppurity 
in  helium  g«i.  la#  f*rat  Indicator  wa*  for  use  with  fairly  largo  volume*  of  gas  said  was  brsed  on  ttn 
fact  that  the  velocity  of  sound  iu  a  halium-air  mixture  varies.  consider -ily  with  the  percentage  of  air. 
A  resonating  tube  assumLly  wjl»  de veioped  for  this  p-rpeoe.  Several  types  of  tents  were  considered, 
before  it  was  decided  to  coopt  llio  velocity  of  sound  as  a  tost  of  purity.  The  second  indl&ator  was  for 
use  with  small  volumes  cl  gun,  and  It  consisted  of  i  chemical  method  based  on  a  distinct  change  In 
color  of  si  solution  exposed  to  the  helium- alv  mixture,  occurring  alien  the  air  Impurity  oxcooded  ? 
certain  marginal  amount.  The  dungc-of -color  indicator  method  does  not  actually  determine  the 
percentage  of  cur.tnminitlou,  but  indiertes  whether  os  not  the  contamination  exceeds  a  speclfisl 
value.  Both  inuicotorn  are  fu.ly  described. 

Copies  of  tils  rspori.  obtainable  from  Air  Lccuments  Livtaion;  Attn:  KCIDXD 

Vb.terUlo  (?)  Ifeliu...  *  rarity  i  .  21; atom 
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,)>  IXTKOIMT.TION 

Two TYPF.S  ok  In  linin-iinntu  iiiilicutiir*  |  Ill’ll 
were  developed  to  dotormino  tlu*  percentage 
of  air  impurity  in  helium  gas.  Tho  first  indicator 
was  for  use  with  fairly  large  volumos  of  gas.  It 
was  based  oil  tho  fact  that  tho  velocity  of  sound 
in  a  helium-air  mixture  varies  considerably  with 
the  percentage  of  air.  The  second  was  for  use 
with  small  volumes  of  gas.  It  was  a  chemical 
method  based  on  a  distinct  change  in  color  of  a 
solution  exposed  to  the  helium-air  mixture.  <*'- 
currinir  when  the  air  impurity  exceeded  a  certain 
marginal  amount. 


bulky  and  expensive,  and  was  not  readily  adapt¬ 
able  for  installation  in  ail  airship  ballonet. 

Military  Requirements 

It  was  desired  that  an  instrument  ho  developed 
which  would  simply  and  rapidly  measure  0  to 
111  per  cent  air  imparity  in  helium  with  an  accu¬ 
racy  of  0.5  iier  cent.  It  was  also  desired  that  the 
instrument  should  be  reliable  over  a  tempera¬ 
ture  range  of  — I  to  !»5  K.  It  was  further  desired 
that  the  instrument  be  reliable  and  lie  capable 
of  living  operated  by  a  Service  man  with  little 
previous  instruction. 

Summary  of  Development 


"i  \  ki.im:itv-of-si>i'M>  indicviok 
1\SI]" 

Introduction 

This  project  resulted  from  the  need  of  the  l*.  S. 
Naval  Air  Station.  Uakehurst.  New  Jersey.  tor 
a  device  for  testing  the  purity  of  helium  in  air¬ 
ships.  The  purposes  of  purity  tests  are  to  deter¬ 
mine  the  amount  of  helium  in  the  hag  when  the 
lift  known  and  to  detect  the  existence  nt  a 
leak  in  which  air  diffuses  into  the  bag.  The  pur¬ 
ity  of  the  helium  varies  from  H7  per  cent  to  as 
low  as  S3  per  cent.  When  an  airship  is  about  to 
sta  in  a  long  voyage  and  is  therefore  cat  ry  ing 
a  n  innim  gasoline  load,  the  helium  should  be 
as  ire  as  possible;  for  shorter  voyages,  tu 
low  purities  can  be  tolerated. 

W  n  this  project  was  initiated  two  types  ot 
an.  zers  were  being  used  at  Ijikehurst.  •<> 
ba  ui  the  fact  that  the  thermal  conductivity 

of  urn  is  about  six  times  that  of  the  oxygen 

an  btrogen  impurities.  One  type  was  very 
aci  <te  as  a  stationary  unit  where  size  am 
wi  bt  were  not  objectionable,.  hut  lM,t  1  ' 
lit  eight  units  proved  unsatisfactory.  1 
otl  tvpe  gave  very  accurate  results  in  ‘ 
lal  itiiry,  but  the  outfit  was  very  sensitive. 

ehnlcHl  Aide,  Division  17,  NUKt . 


The  work  oh  this  project  was  done  at  the  Um- 
rrsity  of  Pennsylvania  under  Section  1)3  of  the 
ational  Defense  Research  Committee,  before 
u.  organization  of  Division  17.  The  method 
eveloped  involved  the  determination  of  the 
elocity  of  sound  in  helium-air  mixtures,  b  igure 
shows  the  way  in  which  the  velocity  of  sound 
n  helium  at  room  temperature  varies  with  the 
lercentage  of  contamination  by  air.  This  veloc- 
tv  is  independent  of  pressure  and  the  effect  of 
emperature  is  independent  of  composition, 
rhus.  the  ratio  of  the  sound  velocity  in  n  known 
ras  mixture  to  that  in  an  unknown  mixture  (i.e., 
Unknown  percentage)  at  the  same  temperature, 
[,,,1  at  a  is.ssil.ly  different  pressure,  determines 
the  percentage  composition  of  the  unknown, 
independent  of  temperature  and  pressure. 

The  ratio  of  velocities  is  equal  to  the  ratio  of 
the  resonant  frequencies  of  two 
ties  containing  the  two  gases.1  A  method  was 
developed  for  calibrating  a  closisl  resonating 
evitv  and  associated  electric  circuits  so  that, 
for  the  ranges  indicated  in  Figure  4.  the  purity 
If  the  helium  could  be  determined  to  a  few  tenths 
f  t  per  cent  from  a  single  dial  reading  The 
civil!-  is  designed  to  be  permanently  installed 
•*  thi.  uirship  and.  ordinarily,  to  lie  upon  for 
ILsage  of  the  airship’s  helium.  When  a  purity 
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is  then  closed  off  by  means  of  the  screw  clamp 
and  the  needle  valve  is  closed. 

The  contents  of  the  vial  are  agitated  for  about 
two  minutes.  The  reddish  brown  solution  in  the 
vial  goes  through  a  series  of  color  changes,  the 
final  color  dc|>ending  on  the  amount  of  air  pres¬ 
ent.  With  small  amounts  of  air,  the  solution 
changes  to  dark  green:  with  larger  amounts,  to 
light  green:  and  when  the  specified  limit  is 
reached  the  final  np|>euruncc  is  milky  white.  If 
the  limit  is  exceeded,  the  final  chnnge  from  light 
green  to  white  occurs  quite  sharply. 

The  vials  have  l>ecn  made  to  indicate  nomi¬ 
nally  10  per  cent  air  contamination  and  con  be 
depended  on  to  give  an  eial  point  at  from  0.5  to 
10.6  per  cent  air  under  ordinary  conditions.  For 
other  conditions,  there  can  la-  supplied  a  table 
showing  the  percentage  of  contamination  result¬ 
ing  in  milky  white  color  for  pressures  between 
800  and  600  mm  llg  and  tem|x-ratures  lietween 
— 30  and  50  (’.  The  corresponding  percentages 
of  contamination  vary  from  7  to  17.5  |»er  cent. 

The  indicator  solution  used  is  made  by  adding 
6.26  grams  of  anthraquinonc  and  1.16  grams 
of  sodium  hydrosullite  to  a  mixture  of  250  ml 
of  95';  ethyl  alcohol  (boiled)  and  250  ml  of  0.5 
normal  sodium  hydroxide.  Air  is  excluded  dur¬ 
ing  the  operations  by  putting  the  dry  powdered 


materials  in  a  stoppered  flask,  evacuating  the 
vessel,  and  then  allowing  the  mixture  of  alcohol 
and  sodium  hydroxide  to  run  into  the  flask 
through  a  separating  funnel. 

The  vials  lire  filled  with  the  proper  quantity  of 
solution  to  indicate  10  i>er  cent  air  in  the  helium 
under  normal  conditions  of  temperature  and 
pressure.  The  solution  is  adjusted  so  that  no  cor¬ 
rection  is  required  for  the  small  amount  of  air 
present  in  the  rubber  connection  to  the  appara¬ 
tus.  The  air  in  each  bulb  is  displaced  with  butane 
before  the  required  amount  of  reagent  is  put  in. 
after  which  each  vial  is  evacuated  and  sealed. 

For  maximum  precision,  it  is  necessary  to  take 
into  consideration  any  air  which  may  be  allowed 
to  get  into  the  vial  during  the  test.  The  inclusion 
of  a  small  amount  of  air  is  unavoidable,  but  the 
test  procedure  has  been  designed  so  as  to  keep  its 
volume  constant  and  small:  and  the  necessary 
udjustment  has  been  made  in  the  solution  to 
compensate  for  it.  In  the  particular  rubber  con¬ 
nection  with  which  the  vials  are  used  there  is  a 
constant  volume  of  U.3  I  ml  of  air  admitted. 

A  number  of  these  vials  were  made  and  fur¬ 
nished  to  the  Naval  Bureau  of  Ordnance,  the 
Coast  Artillery  Board,  and  the  Field  Service 
Maintenance  Division  of  the  Army  Ordnance 
Department. 
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A  description  is  given  cf  t  loud-npeektng  systerr.  cf  adequate  fidelity  and  volume  to  frJthfuolv  and 
volume  to  faithfully  reproduce  the  aoii.’j  of  ?.  nival  battle.  The  reproducing  system.  Is  composed  of 
throe  '.-ntjor  units,  v'Lolo  foicticiu.  crc  fully  dsucribstl.  The  frequency* response  characteristics  of 
the  entire  amplifier  systetr  lira  cuillnad,  :s  uel!  aa  the  electric  cutr-’t  --vd  hrrr.oric  content.  The 
technique  employed  in  obtaining  rcocstlccl  rc.'.por.ce,  hrolcne  r\rge.  dlrectder.sl  radiation,  and  dis¬ 
tribution  is  explained.  Lcndape  altar  offir.isr.ciea  of  "07  arr  •ichle-'cd;  and  for  ffel)  sssta-r.  electric 
output  a  sound  field  cf  1"0  <2>  at  100  ft.  on  Mis  ir.  raihr ‘*d.  The  o^vlp’ner.t  t».s  ever.tr.illy  laii/ered 
to  the  Ki  vy  to  be  used  con^orrar.tiy  In  connection  with  two  programs  —  the  study  of  the  psychologi¬ 
cal  effect  of  battle  noise  ci  personnel,  raid  the  trsiring  of  JTuvy  personnel  under  simulated  h-ttlrr 
conditions. 

Coy  lea  of  Ihlo  report  old.'  in  bis  from  Mr  Coe.!  merits  Clvislon;  *ttn:  V'  C  IDXD 
Personnel  ($7)  r  'V.  nriso  •  tv:.?ro;l,,,d'.r.'.  {'  ""’I}; 

L  iUe  noiso  -  FsyJiol&gt  ai  effoctn  (1TS4P) 
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BATTLE  NOISE  REPRODUCTION  FOR  TRAINING  AND 
SCREENING  BATTLE  PERSONNEL* 


T11K  OBJECT  uf  this  project  was  the  develop¬ 
ment  and  furnishing  of  one  sample  of  a 
loudspeaking  system  of  adequate  fidelity  and  vol¬ 
ume  for  reproducing  faithfully  the  noise  of  naval 
battle.  The  contemplated  uses  of  the  equipment 
were:  Marine  surface  training,  battle  noise  con¬ 
ditioning.  teaching  men  to  speak  up  or  use 
prompt  visual  observance,  psychiatric  screen¬ 
ing  and  talker  training.  The  development  work 
of  the  project  was  carried  out  by  the  Western 
Kleetric  Company.  Naval  iiersonitnl  actively  co¬ 
operated  in  the  making  of  recordings  ami  I’urn- 
moimt  Studios  assisted  in  re-recordings. 

The  reproductions  were  to  be  in  the  form  of 
sound  films.  It  was  originally  decided  to  make 
three  distinct  demonstration  films:  (1)  an  iden¬ 
tification  sequence  with  a  commentary  explain¬ 
ing  the  nature  of  each  individual  sound  Mug 
reproduced:  (2)  a  short  jungle  combat  sequence; 
and  CD  an  attack  on  an  aircraft  carrier.  Items 
(2)  and  CD  were  to  be  conqsised  mainly  of  the 
individual  sounds  appearing  in  the  identification 
sequence. 

The  reproducing  system  is  composed  of  three 
major  units,  each  housed  in  a  separate  truck. 
Unit  I.  the  reproducing  truck,  contains  the  film 
reproducing  machines,  motor  system,  all  ampli¬ 
fiers.  and  control  facilities.  Unit  2.  the  loud¬ 
speaker  trailer,  is  a  truck  trailer  containing  the 
loudspeakers,  horn  field  rectifiers,  and  cables 
for  connection  to  the  reproducing  truck.  Unit 
.1.  the  power  truck,  contains  a  gas-engine-driven 
geie-rator  which  supplies  220-v.  3-phase.  60-c 
power  for  the  entire  system.  Power  cables  for 
connection  to  the  reproducing  truck  are  carried 
on  die  reels  in  the  power  truck.  These  three  units 
may  be  operated  in  close  physical  proximity,  the 

1  one  ami  personnel  were  not  mvmiIhMo  for  prepara- 
ti< 1  of  the  usual  sort  of  Summary  Technical  Report  of 
di  work.  The  material  repnalueeil  here  is  taken  essen¬ 
tia  verhatini  fruni  the  contractor’s  final  report.  This 
cor  .ensed  report  is  intended  to  give  an  idea  of  the  nature 
of  e  work  and  to  call  attention  to  the  detailed  contrac- 
to1  reports  associated  with  it. 


only  precaution  Mng  that  the  reproducing  and 
power  trucks  la-  located  behind  the  loudspeaker 
array. 

The  system  is  designed  to  provide  reproduc¬ 
tion  from  200-mil  push-pull  souml-film  records, 
with  or  without  a  frequency-modulated  control 
track.  It  will  reproduce  disk  records  of  the  ver¬ 
tical  or  lateral  type,  either  33' a  or  78  rpm,  and. 
in  ttdditinu.  provision  is  made  for  operation  of 
the  system  from  direct  microphone  pickup. 

The  fns|Ueiicv-n-s|H>iise  characteristics  of  the 
entire  limpliiter  system  are  effectively  uniform 
from  oil  to  1 0,00(1  cycles.  The  electric  output  of 
the  system  is  2.400  w  anil  the  harmonic  content 
at  full  output  is  approximately:  17  per  cent  at 
50  e,  12  per  rent  at  100  c.  6  per  cent  at  inter¬ 
mediate  frequencies,  increasing  again  to  10  per 
cent  at  frequencies  above  7.000  c.  For  lower  out¬ 
puts.  say  800  to  1 .000  w  the  distortion  is  reduced 
to  alsiut  5  per  cent  for  all  frequencies.  These 
distortion  coirqioneiits  an*  contributed  by  the 
filial  power  amplifier. 

The  loudspeaker  array  provides  an  acoustical 
response  effectively  uniform  for  frequencies 
from  50  to  7.0(H)  c.  anil  has  a  usable  range  from 
:S0  to  10,000  c.  laiudsjieaker  elllciencies  of  50  per 
cent  are  achieved,  ami  for  full  system  electric 
output,  a  sound  field  of  130  dh  at  1(H)  ft  on  axis 
is  realized.  The  dynamic  volume  range  of  the 
system  when  operated  from  sound  records  on 
film  using  control  track  is  80  illi.  Approximately 
!I2  per  cent  of  the  total  sound  energy  is  radiated 
from  the  mouths  of  the  loudspeaker  array,  the 
remaining  8  per  cent  being  radiated  from  the 
renr.  in  general,  the  directional  radiation  of  the 
array  is  confined  to  u  total  angle  of  30  degrees. 
Distribution  is  complicated  liy  the  fact  that  the 
array  is  not  a  lHiint  source,  that  ground  reflec¬ 
tion  occurs  in  various  ways,  depending  u|H>n  ter¬ 
rain.  and  that  the  higher  frequencies  are  attenu¬ 
ated  more  rapidly  in  air  than  are  the  lower  fre¬ 
quencies.  In  addition,  as  would  be  expected,  wind 
has  a  marked  effect  upon  distribution  and  sound 
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field  intensity,  Listening  tests  indicated  that  the 
system  could  be  heard  over  flat  desert  terrain 
for  2.5  miles  on  axis,  with  slight  crosswind  when 
the  relative  humidity  was  in  to  15  per  cent. 

The  technical  details  of  the  system  are  given 
in  the  contractor's  progress  report.' 

All  original  recordings  were  made  at  a  Naval 
or  Marine  Corps  establishment  in  the  Eleventh 
Naval  District  Aren.  Naval  |>ersonnel  were  as¬ 
signed  to  assist  the  recording  group  in  obtaining 
the  particular  sounds  desired  at  the  various  loca¬ 
tions.  Recordings  wore  made  at  the  Destroyer 
Base  at  San  Diego,  at  the  Pacific  Beach  Anti- 
Aircraft  Training  Center,  at  Miramar  Landing 
Strip,  at  the  Marine  Camp  at  Camp  (lillespie  and 
at  Camp  Pendleton. 

The  actual  editing  and  cutting  for  re-record- 
Ing  was  governed  to  a  large  extent  by  the  orig¬ 
inal  film  records  obtained  under  actual  field  re¬ 
cording  conditions.  All  sound  tracks  to  be  used  in 
re-recording  the  final  negative  were  organized, 
cut  for  proper  timing,  etc.,  before  actual  re¬ 
recording  was  done. 

The  aircraft  carrier  attack  needed  a  very  com¬ 
plete  sound  record.  To  the  normal  background 
sound  of  sen  and  wind  was  added  the  firing  of 
several  types  of  antiaircraft  guns,  the  sound 
of  approaching  planes,  individually  and  in 
groups,  the  machine-gun  fire  of  those  planes  anil 
finally  the  explosions  caused  by  bombs  and  tor¬ 


pedoes.  The  climax  of  this  sequence  required  the 
combination  of  twelve  separate  sound  tracks. 

The  sequence  depicting  jungle  warfare  v.,s 
composed  of  much  simpler  elements.  Although 
the  climax  demanded  the  use  of  nine  separate 
tracks  most  of  the  sequence  was  handled  by  com¬ 
bining  three  or  four.  It  was  principally  the  re¬ 
sponsibility  of  timing  to  make  the  rifle  and  ma¬ 
chine-gun  fire,  mortars  anil  grenades  sound  as 
though  they  were  being  used  in  combnt. 

The  ri'cording  of  the  above  sequences  was  done 
at  the  Paramount  Studios. 

The  equipment  was  delivered  to  the  Navy  in 
January  lfl-l-l.  It  was  planned  that  the  system 
should  be  used  concurrently  in  connection  with 
two  primary  programs — the  study  of  the  psy¬ 
chological  effect  of  battle  noise  on  ]icrstmncl  anil 
the  training  of  Navy  personnel  under  simulated 
battle  conditions. 

In  connection  with  this  work  it  was  decided 
that  additional  recording  should  be  made.  These 
were  made  at  the  Anti-Aircraft  Training  Cen¬ 
ter.  Dam  Neck.  Virginia;  on  the  L’SS.Vi  »•  York 
on  training  cruise;  at  the  Naval  Proving  liround. 
Duhlgrcn.  Virginia;  and  at  the  Amphibious 
Training  Base, Coronado  Island. San  Diego.  Cali- 
fornia.  A  complete  list  of  the  recordings  taken  is 
contained  in  the  contractor's  report,1'  bs  well  as 
the  details  of  four  thirty-minute  battle  sequences 
derived  from  recordings. 
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A  description  is  given  cf  l  loud-nporklng  system  of  rrirtpi-ito  fldslity  and  volume  to  frithfuoly  and 
volume  to  faithfully  roprccuce  the  noii.<j  of  ?  naval  butt!?.  The  reproduce*  system  is  composed  of 
three  m*.)or  units,  v'Lolc  function.  ore  fully  claucrlbstl.  The  fretp.i«ncy»renponu*  characteristics  of 
the  entire  amplifier  syslctr  are  cutlinad,  noli  sis  the  sleetr'c  cutp-'-t  and  hr.rT.or5?  cortent.—The 
technique  employed  in  obtaining  ocoustlcrl  response,  Volume  r  J2ge,  dlrcrtdcr.nl  radiation,  ?nd  dis¬ 
tribution  is  explained.  Lond.iperJwr  off-r.ie.*.cierj  of  "0?  arc  achlo-'ed;  rrd  for  tell  sfstavr.  electric 
output  a  sound  fisld  cf  110 -db  at  ICO  ft.  on  tsis  In  rei-Jired.  The  eyipmer.t  v».s  evrr.ti’iilj-  laii/ered 
to  tlie  1’  vy  to  V;  used  wnjtarrartly  In  connection  vtth  tro  procroms  —  the  study  of  the  psychologi- 
c  .1  effect  cf  battle  noise  eo  personnel,  rnd  the  trutafcg  of  fT;:vy  personnel  under  simulated  h-ttlc 
conditions. 

Coylej  of  Ihiis  report  oil:  t»i  bis  frocn  Mr  'documents  Clvtidon;  ’ttn:  VCIDXD 
Personnel  57)  ~  't  uoiao  TieptatV"^.:  (’""If?; 
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THIS  project  was  begun  on  April  1,  1912,  on 
the  recommendation  of  the  General  Develop- 
ment  laboratory  of  the  Signal  Corps.  The  objec¬ 
tive  was  to  study  sounds  from  ordnance  equip¬ 
ment.  to  obtain  information  about  the  frequency 
composition  of  sounds  originating  from  various 
weapons,  the  intensities  of  these  sounds,  the 
phase  relationships  of  the  various  components, 
and  any  other  information  about  the  sounds 
which  might  la1  useful  in  connection  with  sound 
ranging.  It  was  felt  that  as  complete  as  possible 
a  knowledge  of  these  sounds  was  essential  in 
order  that  available  sound-ranging  equipment 
might  be  used  to  its  fullest  capabilities  and 
that  better  apparatus  might  be  designed.  The 
work  was  performed  by  Western  Klectric  Com¬ 
pany  under  Army  Service  Project  SC-27. 

The  study  included  sounds  front  machine  guns, 
mortars,  and  various  field-artillery  weapons 
ranging  in  si/e  front  the  ln5-mm  howitzer  to 
the  2-10-mm  howitzer.  Under  battle  conditions 
noise  may  interfere  with  the  operation  of  sound- 
ranging  equipment.  Information  about  the  char¬ 
acter  of  interfering  sounds  is  therefore  desir¬ 
able.  A  complete  investigation  of  all  possible  in¬ 
terfering  noises  could  not  be  made,  but  a  partial 
investigation  was  made  in  which  the  sounds 
from  a  number  of  army  vehicles  were  studied. 

The  initial  interest  was  in  the  sound  siiectru 
produced  by  ..‘10-  and  ,50-eal  machine  guns.  High- 
quality  phonograph  recording  equipment  was 
assembled  and  taken  to  Aberdeen  Proving 
C round  where  recordings  were  made  of  the 
"  uzzle  waves  and  ballistic  waves  from  these 
runs  at  various  distances.  The  records  were  sub- 
■  quently  reproduced  electrically,  and  by  means 
'1  wave  Alters  a  determination  was  made  of  the 
'i-iHUency  spectra  of  the  sounds.1 
Although  the  recording  system  used  for  the 

Time  and  personnel  were  not  avnilsMe  for  prepara- 
••n  of  the  usual  sort  of  Samiuary  Teehnienl  Report  of 
is  work.  The  material  reproduced  here  is  tuken  essen- 
Jly  verbatim  from  the  contractor's  final  report.  This 
idensed  report  is  intended  to  give  un  ideu  of  the  nature 
the  work  and  to  call  attention  to  the  detailed  contrac- 
i’s  reports  usswiuted  with  it. 


EQUIPMENT  AND  BATTLE  NOISES* 


machine-gun  tests  was  the  best  available  at  the 
time  the  resjxmso  was  limited  on  the  low-fre¬ 
quency  end  to  40  c.  latter,  when  it  was  requested 
that  larger-caliber  guns  he  investigated  it  was 
realized  that  the  original  recording  system 
would  he  inadequate.  A  recording  system  was 
therefore  developed  which  had  a  very  wide  fre¬ 
quency-response  range,  uniform  from  0.1  c  to 
several  thousand  cycles  per  second.  This  system 
wits  practically  free  from  amplitude  and  phase 
distortion  over  its  operating  range. 

With  this  system  recordings  were  made  of 
various  guns  and  howitzers  at  Fort  Bragg 
through  the  ctaiperation  of  the  Field  Artillery 
Board.  Field-artillery  weapons  ranging  in  cali¬ 
ber  from  the  105-nim  howitzer  to  the  240-mm 
howitzer  were  studied.  Additional  tests  of  ma¬ 
chine  guns  were  also  made.  The  results  of  these 
various  tests  were  given  in  the  contractor's  Anal 
report.' 

With  this  same  recording  system  studies  were 
made  of  the  sounds  from  60-mm,  81-mm,  and 
4.2-in.  mortars  at  various  distances  up  to  2,000 
yd.  The  results  of  this  study"  showed  why  sound 
ranging  on  light  morturs  is  difficult.  At  distances 
at  which  sound  ranging  is  customarily  con¬ 
ducted  the  intensity  of  the  sound  from  the 
60-mm  mortar  was  found  to  be  about  the  same 
us  that  of  the  ambient  noise.  The  energy  in  the 
mortar  sounds  is  concentrated  at  a  higher  fre¬ 
quency  than  for  the  field-artillery  weapons  and 
lower  than  for  the  muchine  guns. 

A  study  was  made-  of  noises  from  a  number 
of  typical  Army  vehicles  ranging  in  size  from 
the  jeep  to  an  8-ton  truck  and  including  some 
tractors. 

The  rejairts  in  the  bibliography  constitute  a 
complete  record  of  the  studies  conducted  under 
this  project.  The  following  is  an  abstract  of  the 
final  report. 

1 .  A  recording  system  was  developed  having 
the  exacting  performance  characteristics  needed 
to  record  faithfully  the  sounds  from  various 
field-artillery  weapons.  With  this  system  almost 
600  records  were  made  at  Fort  Bragg.  Analyses 
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of  110  selected  typical  records  were  made  with 
an  Henrici  analyzer.  The  complete  results  are 
given  in  OSRI)  451)4. 1  To  supplement  those 
analyses  al>out  300  of  the  original  oscillograms 
are  appended. 

2.  The  analyses  of  the  sia-ctra  of  muzzle  waves 
from  weapons  of  large  caliber  ( 105  mm  to  240 
mm)  show  that  at  distances  of  interest  in  sound 
ranging,  the  major  part  of  the  energy  lies  in 
the  frequency  range-  from  almut  2  to  40  c. 

3.  The  ballistic  wave,  originating  at  the  pro¬ 
jectile  in  flight,  has  a  sound  sia-ctrum  which  can 
be  readily  differentiated  from  sja-ctra  of  sounds 
originating  in  other  ways.  The  analyses  of  the 
ballistic  waves  do  not  always  show  that  the  maxi¬ 
mum  energy  is  concentrated  within  a  limited 
region.  When  the  major  energy  is  so  concen¬ 
trated.  the  region  is  located  much  higher  in  fre¬ 
quency  than  for  the  muzzle  wave  originating  at 
the  gun.  Sometimes  the  maximum  energy  is  at 
about  100  c. 


4.  The  spectrum  of  the  sound  produced  by  tie- 
explosion  of  a  shell  is  similar  to  that  of  a  muzz! 
wave  from  n  large-caliber  wenimn.  On  visual  ii. 
spection  of  the  oscillograms,  however,  high 
frequency  wavelets  are  evident,  preceding  tie 
main  wave  caused  by  the  explosion  of  the  shel'. 
These  oscillograms  are  therefore  readily  idea- 
titled  as  being  shell  sounds. 

5.  The  "frequency"  of  the  region  of  major 
energy  for  the  muzzle  waves  is  influenced  at 
the  source  by  such  factors  as  the  weight  of  tin- 
charge  of  jaiwder  used  to  propel  the  shell  and  the 
dimensions  of  the  gun,  and  is  affected  in  its  prop¬ 
agation  by  the  distance  and  the  terrain  hotween 
the  gun  and  the  microphone. 

6.  Additional  data  on  machine-gun  sounds 
confirm  earlier  findings.1  The  better  in-rform- 
anee  characteristic  of  the  recording  system  used 
in  the  later  tests  confirmed  the  presence  of  the 
low-frequency  energy,  as  suspected,  and  showed 
its  magnitude. 
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»>  INTRODICTION 

(''KKTA1N  OK  THK  PROJECTS  completed  under 
i  Section  1)3  of  the  XDRO  prior  to  the  or¬ 
ganization  of  Division  17  were  of  such  nature 
that  had  Division  17  been  in  existence  at  the  time 
of  their  inception  they  would  have  been  assigned 
to  it.  References  to  these  projects  were  made  in 
the  initial  ili-.Monthly  Summaries  of  Division 
17.  Since  these  projects  will  not  be  re|>ortod 
elsewhere,  resumes  of  them  are  included  in  the 
Division  17  Summary  Technical  Re|sirt.  In  con¬ 
nection  with  each,  reference  is  made  to  a  detailed 
bibliography  The  work  on  all  these  subjects  was 
conducted  during  Dili  and  DM2:  and  these 
brief  reports  are  written  to  indicate  the  status 
of  each  at  the  end  of  DM2. 

THKHMISTOKS 

Tin'  term  "thermistor"  is  a  contraction  of  the 
words  "thermal  resistor."  and  describes  a  new 
type  of  circuit  element  whose  resistance  varies 
markedly  with  temperature.  Three'  classes  of 
thermistors  are  used  in  electric  circuits— the  ex- 
ternally  heated  units,  the  indirectly  heated,  and 
th>  lireetly  heated.  The  first  of  these  is  a  simple 
thermistor  which  is  usually  made  in  the  form  of  a 
bead,  disk,  rod.  or  strip  whose  resistance  is 
ca  eel  to  vary  by  changes  in  ambient  tenijiera- 
hib  This  type  finds  application  in  the  measure- 
mi-  or  control  of  tomiierature.  the  detection 
ai  measurement  of  radiant  eiieriry  or  as  a 
t>T  rat u rc-coni | icnsati up  device  in  electric  cir¬ 

ca  The  second,  or  indirectly  heated  type,  con- 
si  f  a  thermistor  unit  in  thermal  contact  w  ith 
a  1  ting  coil.  By  emit  rolling  the  power  supplied 
1"  is  coil,  the  thermistor  resistance  can  be 
01  to  vary  over  a  wide  range.  This  type  finds 
u  s  an  indirectly  or  remotely  controlled  cir- 
c  lenient  in  telemetric  or  automatic-control 

f  .mis.  The  third  t.V|ie  of  thermistor  is  di- 

r'  heated  by  the  power  dissipated  in  it  by 
'I  irrent  flowing  through  it.  Ilecause  the  ther- 
isliint  [lirii-ti.r,  Snnmoiry  Reports  bvoup. 


mistor  materials  have  large  negative  tempera- 
ture  coefficients  of  resistance,  a  unit  of  this  lust 
'.vpe  has  the  projierty  of  “negative  resistance." 
If  the  current  through  such  a  unit  be  increased 
Iteyond  an  initial  critical  value,  the  voltage 
across  the  unit  will  decrease  with  increasing 
current.  This  phenomenon  is  due  to  the  rapid 
decrease  in  resistance  resulting  from  the  power 
dissipated  us  heat  in  the  unit. 

It  was.  perhaps,  the  directly  heated  variety  of 
thermistor  which  provoked  the  greatest  interest. 
A lony  with  their  property  of  dynamic  negative 
resistance,  units  of  this  ty|H>  have  the  additional 
property  of  inductance,  due  to  the  lay  introduced 
in  the  electric  res  |  ion  so  while  the  unit  reaches 
thermal  equilibrium.  Thus  the  static-response 
curve  may  differ  radically  from  the  dynamic 
characteristic  as  the  thermal  lay  prevents  the 
effective  temperature  from  followiny  rapid 
changes  in  current,  so  that  at  hiyh  frequencies 
the  thermistor  behaves  as  nil  ohmic  resistance 
whose  value  is  determined  by  the  total  dissipated 
power.  Higher  response  speeds  may  lie  obtained 
by  reducing  the  thermal  capacity  and  increasing 
the  rate  of  thermal  loss.  The  limitation  in  speed 
of  res|ionso  and  the  de|iendeiice  on  ambient  tem¬ 
perature  proved  the  principal  difficulties  in  the 
course  of  this  project. 

A  numlior  of  specialized  uses  for  thermistor 
devices  had  las'll  discovered  and  applied  by  Ger¬ 
man  and  American  laboratories  and  an  even 
greater  numlier  had  been  suggested  by  the 
unique  thermistor  properties.  It  was  in  order  to 
investigate  the  feasibility  of  some  of  these  sug¬ 
gestions  and  to  determine  the  conditions  of  oper¬ 
ation  under  which  they  might  be  profitably  em¬ 
ployed  that  a  thermistor  program  was  started 
shortly  after  the  formation  of  the  N'DRC  in 
DM0.  As  a  result  of  these  studies  it  was  decided 
that  for  the  applications  investigated,  with  one 
or  two  exceptions,  the  thermistor  in  its  existing 
form  could  not  be  considered  satisfactory  for 
service  under  military  conditions,  as  operation 
is  generally  critical  with  ambient  temperature 
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1- liter  glass  flusk  with  two  .stop-cocks.  This 
type  of  flnsk  mn.v  be  evacuated  nml  opened  ut 
a  point  where  the  atmosphere  is  susjiectcd  of 
containing  measurable  amounts  of  radon. 

For  convenience  in  shipping  and  handling, 
the  flnsks  are  contained  in  siiecinlly  developed 

2- gallon  metnl  cans  filled  with  shock-absorbing 
mnterinl  having  the  consistency  of  hnrd  sponge 
rubber.  Rigorous  shock  and  sustained-pressure 
tests  have  proved  the  ruggedness  of  this  de¬ 
sign.  By  the  use  of  a  large  number  of  these 
flasks,  n  single  detecting  and  indicating  ap¬ 
paratus  is  nhlc  to  provide  quick  and  relinble 


service  to  a  large  number  of  plants  and  fat 
tories.  As  of  early  11145,  three  sets  of  equip 
ment  had  been  constructed  for  this  servin 
which  was  widely  used  by  military  medical 
services,  insurance  companies,  state  industria 
hygiene  departments  and  federal  healtl 
agencies. 

With  the  design,  construction,  and  success¬ 
ful  demonstration  of  this  equipment.  Section 
1)3  made  arrangements  for  the  unit  to  be  taken 
over  by  a  nonprofit  laboratory  to  provide  this 
service  at  a  minimum  of  time  and  cost  to  all 
individual  companies  and  agencies  requiring  it. 
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ah  \11tiNi1ntic  frequency  runt  ml. 

,i  rtKru  uc.  Helium  nucleus. 

Art: ml mir  FKI  Sthtrm.  A  bring  error  indicator  system  in 
which  tin*  in  in.. phono  or  microphones  nro  highly  *ilnnq*il. 
haw  :i  frequency  Hot  res|MUW*  chuntet  eristic  up  to  alMiiit 
HUM  «■  and  lire  used  to  n*|in nIhoo  with  n  high  ihicrcc  of 
fiiMitv  tho  w:ive-fiinii  profile  of  nmiNtio  shook  waves.  For 
Mihor  characteristic'*.  sec  tost  Svtioiis  and 

An:niiiiu<‘  Mtcitnriti<MC.  N««  \ |M*ri. M|ii*  FKI  System. 

Ait:\  Am.i.k  *»f  sh'K-k-wjivo  colic).  Tho  sh<M‘k-wuvc  rit»fiiri>- 
:ii»iv  trailing  Iwi'ktuinl  from  tho  imisc  of  tho  Imllot  Inis  tho 
slk‘i|N>  of  M  right  oirotilnr  corn*  with  tho  trajectory  n>  axis  of 
symmetry.  Tho  ungk'  u  marie  by  any  element  of  this  colic 
with  tho  NXis  is  o:tllo.l  tho  u|icx  ;mg|o  'sometimes  cnHcd  tho 
aoini-:>|N‘\  :iltgha).  Tlih»  angle  is  given  l.y  sin  u  -*  *  r  wliero 
>  i-  iho  vo|iM*ity  of  sound  ; 1 1 1 1 1  >■  tlii*  vohs-itv  of  tin*  Imllot. 
Smooth**  //  and  7*  discontinuities  have  vol.K-iiie>  rcs|Mict<vely 
slightly  higher  tiltil  slightly  lower  tlinli  «mric.  tho  shook< 
wave  ooiio  referred  to  is  in  -irii-tiu^s  to  In-  rogank'ri  as 
lying  soiiiowIuto  .'ilsait  mill  way)  lietweeii  these  two 
I  nm  Hilaries.  It  tk-tiuos  the  |io>itioii  of  the  intern  hi  Kate 
|milit  .if  xem  ;ini|ilit mli*  in  i !»«■  N-wave  pnililo  whore  the 
Veil  loll  y  is  Millie. 

Alum  \t..  Initial  n-.s»nl  of  ;i  -«-i-inii*  wave  oil  ;«  seismograph 
recording.  usually  tin  ahrnpt  change  in  form  of  n-oonliiig  lino. 

,\s|»i:i  t  \Mit.K,  The  angle  ln'twccii  iho  target  plane  ninl  the 
ooiiinioii  axis  iif  the  two  inierophoiies  in  an  FKI  transmitter. 
I>r  the  IS  implement  of  the  angle  lietwcctl  the  ilireetioll  of  the 
hull.!  trajectories  near  the  FKI  transmitter  aiul  the 
inii-rophoiie  axis. 

A-rt.i  I  An«.i.K  Kk mills.  Deviations  either  of  sum  or  of  ilitTer- 
eiico  nas|miise  winch  ihiih*  from  orieiitatioiis  of  the  iiiien*- 
phone  axis  ohliifiie  to  the  large!  plane:  that  is  to  sjiy.  for 
«*|n  ii  angles  different  from  *er»«. 

A\t '.  Aiiioinatie  . . iitml. 

IU\\m\  t'orxTKN.  A  simple  ehi-trie  counter  n  insist  hoc  *»f  two 
»iiIm*s  wliieli  an1  marie  nil  ornately  ciiiMlucliiig  hy  stn*- 
i.^-ivo  impulses. 

Hi.* h  k  I.  IIi.im'k  III.  Army-Navy  idetitilienlioii  of  airlioriM' 
!»'|o vision  :ip|Kir:ili|s  i  level* ijMri  hy  Kudin  t  'orisiratiou  of 
\merie:i.  Camden.  New  .lersey. 

*'M.  An  111*1  ha  hi  I  mi  ehaiige  of  color  of  a  lii|ilHl. 

I'imww,  i risa-iver  ohat mol).  In  t he  :i|>erii site  FKI  system,  the 
-hook-wave  signals  from  each  of  the  two  iiiieni|»linm*s  in 
•he  transmitter  an-  separa tofy  transmitted  at  different  ratlin 
•nrriiT  frequencies  to  the  revolver  when1  they  arc  se|*irutcly 
■••ifiviil  in  two  ilitToreat  mul  ilistinet  elinniiols.  I  In1  niioro- 
: .In die  signals  remain  in  separate  channels  of  the  rocet\cr 
ip  to  the  "slim  I  ilia*." 

1  ■M\ii  T\TiiiN  Sistkm.  ‘Hie  scanning  of  a  iiiiiiiImt  of  1‘haii- 
!»i-U  to  reduce  t  lion i  In  one  eli*etrir  channel  fur  railio  trans¬ 
mission. 

1  iMiKNskh  Mti'Hoeitn.M:.  A  iniernphoue  in  wliieli  *t  metal 
liaphragm  forms  one  of  the  elect  rod**  of  tin  elect no  i*oii- 

Hiwer,  . . .  istutintiarv)  Heiinal*1  If  ing  situated  rinse 

•.  the  Imok  surftioe  of  this  diaphragm.  Minute  diaphragm 
ihmiiuns  ohange  the  rapacity  of  this  condenser  hy  eluing- 
:ug  Ihi*  air-gap  spacing  lielwifii  theta*  eleet nail's, 
d.  Cheek  remover.  ...  , 

NIK.  A  unit  ipmntity  of  nnliimi  emanation  *»r  rmloii.  iMi  «•! 
•-  that  ipiant it y  wliieli  is  in  eipiilihrimu  with  I  K  o>t»-  s 
•nlmiM*  ut  NTI*  is  uImiii!  O.IKI  mm-  . 

•  'tMAla  ( ’iirxTKK.  An  elertnniM  ikii liter  system  for  niMirtmg 

><  imwen*  of  ten.  . 

■  i.w  Kkkok.  The  error  in  miss  iiiilientiun  iimimg  from 


fart  that  the  Mlmek  wave  marliea  tlie  FKI  iitienmliono  ut  n 
later  tune  than  the  instuiit  wIhh  the  Imllot  piiws  the 
tiirgi't  plaiM*  ami  tluit,  in  l•onM1p|ollOl^  the  target  will  Imw 
HHivial  tn  a  new  position 

l)K\sm  1*.\ttkkn  inf  shots).  Nro  Noniuil  or  (iuiissinu  Shut 
Density  l'nttom. 

Dikkhkkm’k  l/mgs.  The  n^ginus  of  the  FKI  uemistie  pattern 
m  tho  target  plane  iit-hk'  of  wliieli  the  iuoiik'iioo  of  n  shut 
on  iisi*s  the  FKI  to  n-|s»rt  the  i  li  n*et  k  ilia  lily  of  a  miss. 

htnY.KKM’K  IlKStHNsK.  The  i|i (Ten ■lire  ri*s|MMLsi>  or  iliriM'tiim- 
iililv  n‘s|N«iise  ill  the  ilofinitive  M.skl  Xl-A,  FKI  reeeiwr 
is  a  signal  ap|N>aring  in  thut  eiinitm>|  of  iho  rreeiver  eorres- 
|m iiuling  to  the  one  of  tlie  two  niieroplioiii>s  wliieli  ntvives 
tin-  shiM'k-wnw  sigiuil  lirst;  it  is  pni|M)rtioiial  to  the  signal 
from  that  miemplioiie  nhuie. 

D|1»:KKM'K-Hks|'ii\SK  I  SINKS.  Nil  I<oIn‘S. 

Diiikitionautv  lof  miss),  tine  the  fum-t imis  of  the  FKI 
is  to  iinlieaie  the  ilireetionality  of  a  miss,  i.e„  wlietlier  the 
miss  j  mis  si  “i  I  fore  or  aft  of  tin-  moving  <ti<wei|)  tnmsmitter. 

l)|s*  ni\ii\\TnK.  An  rlenient  of  an  f-m  nreiver  wliieli,  over  a 
limit 1  range  of  input  earner  freipiei toil's,  supplies  n  voltage 
F  pm|Mtrtioha|  in  uiagnitiMle  ami  sign  to  the  ileviMtitiii 
of  the  input  freipieliey  fnnii  a  stauiiani  \hom-.  TIs- 
neliTistk'.  relating  input  fnipieiiey  to  oiitpm  voltage.  I  ins 
the  iinlieatnl  sha|ie.  The  fnipN'iiev  range  A  to  H  is  the 
liiu-ar  working  range. 


Doeei.KH  Kfi-kit  tin  aiHiustiis).  A  ohange  in  the  MpjNiroiit 
jH-riisI  nf  ati  arm |s| ie  wave  iNimtse  of  the  motion  of  eitla'r 
the  nlwrver  or  tin*  soiuiil  soiini*  n-lative  to  the  iinilinm. 

K<‘l).  KkTlnrtiir  eoiiuler  eiHitiiiiunititioii  ileviee. 

Ft  i.  ||igh-s|Mi**|  e.  milt  IT  auxiliary  l-megnryok*  ekrtnniie  gate. 

Klkithumi-  Cm  ntkk.  An  iiistniiiNtit  wliieli  inensun*s  uml 
n>ii>nls  the  iiiiiiiImt  of  elii-trie  pnlsi-s  it  nMi'ivi*s  from  a 
siiitahly  ili*signeil  network. 

K t,Kl THi »sT.\TI l ‘  iMti  HoeiloNK)  TksTKII.  A  ileviir  wliieli  |MT- 
‘  mat's  oseillograplae  stmlv  of  the  relationship  tin  Uith 
:nn|ilit  ink-  mul  plwisi*)  Im'Iwim-ii  an  input  eleet  rest  a  tie  ilriving 
fonv  applNil  to  a  inw leaser  niirrophoiie  anil  the  n*siiltiug 
iit-tantaiHuus  ilisplaeeiiNMit  of  tlw  niieniphoiie  iliiiplmigui. 
With  it  the  natural  freipieliey  of  n  highly  *lam|Mil  ilia- 
phnigm  is  iMerniiiaal  as  the  freipH-ney  at  wliieli  input  four 
a, Ml  ilispla.-eiueiit  are  in  ipiailnitnre.  Cunw  of  res|»»aiiM'  tw 
funetioiLs  .if  ilriving  fnipieiiey  eiiu  also  In-  obtained  with 


this  ik'viee. 

hl.MF.  Klia-tnrtiuigiM'tie  ih,lh,etioii  mat. 

ill.  Klertmphited  rihlMrti. 

(CUT.  Kleetnin  rateliet  IiiIm-.  . 

l-|.-C  .KiniMi  K«n.m  A  «•««  iitijiaug  Hr 

jmrk-miw  .iciiiil  fnnii  ll»'  FKI  mriviT  t<> i  imlmti-  l>.v  » 
iiKirk  mi  ilii'  iilic-  "(  I"1''""'  “,nl 

'wtnnt  wIh-ii  il»-  >l»«k  *.ivi-  fn.ni  i-m  li  lMill.  l  n-.i-lm.  tin 
FKI  tniiB.initti-r  in  tin-  Inno-t.  Tin-  tnno-l  mi'l  ^"''r 
I inlk't  il n-  |ih.il.wm|iln-il  mmiwivi-  pM-tun-  frnnm*  nf  tin* 
thnt  «m-.M,n-«,.-m»  nf  tl..--  with  nppnipnnti-  nirren- 
ti.,11  nf  tin-  ih-lnv  Ilf  tin-  Mnirk  wkv  »i*in.l  fiininh  il«t«  «* 
In  till-  itins'iitnih'  «if  tin-  f"r  viilnlntli.il  tiwtn  nf  tlie 
FKI  in  I. . wml  lliiilil. 

FKI.  Firiinc  i-mn*  imliratnr. 

FKt )  Finnic  t-mir  i willntcmpn- 
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The  results  are  described  concerning  projects  conducted  in  the  field  of  telemetering 
to  allow  remote -control  testing  of  strain  instruments  in  aircraft  from  the  ground.  The 
development  of  subcarrier  and  time-division  multiplexed  telemetering  is  discussed,  with  a 
comparison  given  on  the  requirements  of  radio  link  and  associated  circuits.  Tests  showed 
that  the  carrier  systems  developed  cross-modulation  difficulty  under  certain  ennditions, 
but  the  electronic-communication  apparatus  proved  satisfactory  and  adaptable  to  the 
adcition  of  more  channels. 
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Ken  developments  in  magnetic  recording  methods  and  apparatus  in  various  types  of  mag¬ 
netic  signal  carriers  are  discussed.  A  recorder  is  described  which  holds  phase  distortions 
to  a  minimum.  New  recording  materials  include  a  metallic  nonmagnetic  based  ribbon  on  which 
is  electroplated  a  thin  layer  of  magnetizable  alloy,  a  tape  of  paper  or  plastic  material 
which  is  coated  with  a  thin  layer  of  fine  magnetic  powder  in  a  lacquer-type  binder,  and 
a  new  improved  ring  head. 
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A  multi-element  mechanical  oscillograph  with  associated  DC  amplifiers  was  developed  for 
recording  six  channels  of  information.  A  three-channel  cathode-ray  oscillograph  with  a 
fourth  channel  to  introduce  timing  lines  was  built  for  recording  on  a  camera  drum}  and  a 
laboratory  trailer  with  a  four-channel  recording  cathode-ray  oscillograph  was  developed, 
as  were  the  others,  to  aid  in  ballistics  research.  The  fourth  oscillograph  described 
functioned  as  a  recorder  of  time  sequences  originating  from  an  airplane  in  flight. 
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A  discussion  Is  given  of  a  reproducing  system  which  was  designed  to  furnish  a  loudspeaking 
system  of  a  adequate  fidelity  and  volume  for  reproducing  faithfully  the  noise  of  naval  battle 
for  training  Navy  personnel  under  simulated  battle  conditions,  and  to  study  the  psychological 
effect  of  battle  notse  on  personnel.  The  reproducing  system  was  composed  of  three  major 
units,  the  reproducing  truck,  the  loudspeaker  truck,  and  the  power  truck.  A  simulated  aircraft 
carrier  attack  and  a  sequence  depleting  jungle  warfare  were  recorded. 
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A  recording  system  of  very  high  fidelity  was  developed  with  a  frequency-response 
range  of  0.1  to  several  thousand  cycles  per  second,  and  recordings  were  made  of  various 
f leld-artillery  weapons.  The  spectra  of  muzzle  wares  from  weapons  of  105-  to  SUO-era 
caliber  lie  mostly  within  the  frequency  range  of  2  to  ^0  cycleB.  The  spectrum  of  the 
explosion  of  a  shell  is  similar  to  that  of  a  muzzle  wave  from  a  large-caliber  weapon. 
Other  data  from  the  investigation  are  discussed. 


T*2,  HQ*  AIR  MATERIEL  COMMAND 

Air  1 

/ecknical  (Index 

WRIGHT  FIELD.  OHIO.  USAAF 

a 

I.HIrSSSOTAI!, 

MAD  <7  ISM 

<SO^?S0GK!YDA!L 

DIVISION,  Electronics  (3) 

SECTION:  Components  (lO) 


C-3-XO-I8 


SECTION:  Components  (10) 

CROSS  REFERENCES:Theraal  resistors  (93535) I  Flow  meters, 
Fuel  (U0500);  Strain  gages  (90700) 


aaaeo.  TITLE:  j)3  projects  reported  by  division  17 


125231 

S  ]  IEE2WJilBH 


ORIGINATING  agency,  O.S.R.D..  N.D.R.C.,  Div.  17,  Washington*  D.C. 
TRANSLATION, 


AQSVQ^C? 

Projects  covering  various  types  of  thermistors,  telemetric  flowmeters,  strain  gauges, 
and  the  radon  indicator  (which  measures  the  amount  of  radon  present  in  room  air  on  in  the 
breath  of  personnel  handling  radioactive  luminous  paint)  are  discussed.  Methods  of  mak¬ 
ing  simultaneous  high-speed  measurements  of  strains  experienced  by  gun  barrels  during 
firli£  are  also  given. 
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The  following  subjects  are  discussed:  Oscillographs,  X-rAy  radiography,  helium  purity  1 
indicators,  electronic  counter  circuits,  magnetic -recording  research,  devices  for  measur¬ 
ing  deflection  time,  wall  thickness  of  hollow-steel  propeller  blades,  bomb  retardation,  etc. 
The  devices  and  techniques  discussed  affect  the  battle  front  indirectly  by  facilitating  pro¬ 
duction  and  perfection  of  material,  and  by  improving  the  training  and  preparation  of  personnel 
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ABSTRACT: 


t  projects,  conducted  under  the  superrlslan  If  die  National  Defense 
Research  Committee  in  die  field  of  telemetering  of  strain  gauges  and  other  instruments 
used  In  alrcraft-to-ground  radio  links  for  remote-control  testing  of  high-speed  aircraft, 
are  discussed.  Each  of  these  projects  is  discussed  In  detail  along  with  the  telemetering 
equipment  used  in  the  tests.  A  general  discussion  of  Tattoos  systems  of  multiplexing, 
which  permits  the  handling  of  numerous  channels  of  information  by  radio  link  is  also  in¬ 
cluded.  In  conclusion,  a  description  is  given  of  certain  telemetering  principles  used  in 
the  transmission  of  data  from  guided  missiles. 
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ABSTRACT: 

The  Acoustic  Firing  Error  Indicator  was  developed  as  a  means  of  scoring  a  gunner 
as  to  his  marksmanship,  and  to  record  his  errors  when  shooting  at  airborne  targets 
at  distances  up  to  four  miles  with  an  accuracy  of  4  7%.  The  amplitude  of  the  ballistic 
shock  wave  propagated  from  the  trajectory  of  the  bullet  is  measured  by  a  dual  micro- 
phonic  element  installed  in  the  target.  The  result  is  transmitted  by  radio  to  a  receiving 
station,  where  the  shots  are  automatically  classified  into  three  different  zones  of  proximity 
to  the  target,  and  so  recorded  on  a  tape  or  on  counters.  The  side  of  the  moving  target 
on  which  the  miss  occurred  is  also  indicated  and  recorded.  The  nature  of  ballistic  shock 
waves,  the  developmental  research  methods  and  equipment,  scoring,  etc.,  are  discussed, 

...  .and  adescxiption  of  the  equipment  is  given.  x  j  [ 
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Receot  developments  in  magnetic  recording  research  are  discussed.  A  magnetic  transient 
recorder,  having  a  frequency  range  extending  from  about  800  to  30,000  cycles,  over  which 
phase  distortions  are  held  to  a  minimum,  is  described.  Two  signal  carriers,  having  developed 
improved  frequency  response  are  the  electroplated  ribbon  produced  by  electroplating  a  thin 
layer  of  magnetizable  alloy  on  a  metallic  nonmagnetic  base,  and  the  powder -coated  tape 
consisting  of  a  tape  of  either  paper  or  plastic  material,  coated  with  a  thin  layer  of  synthetic 
magnetite  in  a  lacquer-type  binder.  A  new  ring  head  was  developed  for  recording  and  re¬ 
producing,  which  has  reduced  Iron  losses,  improved  frequency  response,  and  is  inherently 
hum-free. 
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ABSTRACT: 

Four  oscillographic  devslopments  are  described  which  were  intended  primarily  for  use  at  proving  grounds, 
for  accurate  quantitative  measurements  of  blast  pressures,  trunnion  reactions,  rs coll -cylinder  pressures, 
barrel  strains,  and  muzzls  velocities.  A  multielsment  mechanical  oscillograph  was  developed  with 
associated  DC  amplifiers,  for  the  simultaneous  recording  of  six  channels  of  information  on  photographic 
paper.  Another  oscillographic  development  was  a  three-channel  CRO,  with  a  fourth  channel  introducing 
timing  lines,  the  units  of  which  were  adaptable  to  recording  on  a  drum  camera  with  a  frequency  response 
as  high  as  several  megacycles.  A  mobile  laboratory  trailer  containing  a  four-channel  recording  CRO, 
high-speed  camera  to  photograph  the  traces,  and  remote  control  and  dark  room  facilities.  The  fourth 
development  was  an  instrument  trailer  for  recording  the  time  sequences  originating  from  an  airplane  in 
flight  and  terminating  on  or  near  the  ground. 
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Investigations  were  conducted  with  the  betatron  and  the  electrostatic  generator  to  ascertain  the 
radiographic  possibilities  of  extremely  penetrating  X-rays  and  to  develop  techniques  for  their  use. 
The  X-ray  beam  from  the  betatron  Is  a  pulsating  one,  while  the  beam  intensity  from  the  elec¬ 
trostatic  generator  is  constant  with  time.  With  the  betatron,  the  voltage  range  examined  was  from 
3  to  20  MV;  with  the  electrostatic  generator,  the  voltage  range  was  from  0.5  to  2.5  MV.  The  radia¬ 
tion  produced  by  the  large  betatron  Is  better  for  radiography  because  there  is  less  scattering  asso¬ 
ciated  with  it,  wider  film  latitudes  result,  and  reasonable  exposure  times  for  thicker  specimens  are 
obtained.  The  electrostatic  generator  operating  at  4  MV  would  probably  be  superior  to  the  20  MV 
betatron  in  exposure  time,  even  for  thick  sections. 
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ABSTRACT: 

The  development  of  a  bomb -retardation  device  and  a  seismographic -detector  installation  is  desci**^.  . 
Air  warfare  made  it  necessary  to  improve  bombing  tables  and  to  extend  them  to  cover  high-altitude 
bombing.  A  request  was  made  for  a  device  which  would  indicate  the  retardation  experienced  by  a 
bomb  during  flight.  This  led  to  the  design  of  an  accelerometer  and  a  radio  transmitter.  A  number  of 
drop  tests  with  4,000-lb.  bombs  were  made  from  which  the  drag  functions  suitable  for  construction  of 
bombing  tables  could  be  deduced.  The  block  diagram  shows  the  method  used  in  measuring  axial  re¬ 
tardation  of  the  bomb.  The  centrifugal  forces  introduced  into  the  accelerometer  by  the  yawing  motion 
of  the  bomb  were  observed,  as  well  as  the  magnitude  of  the  dispersion  in  drag  forces.  As  a  result  of 
tests,  seismographic  instruments  were  specified  for  handling  the  information  hidetermining  the  time 
and  position  of  the  impact  of  a  bomb  in  range  bombing.  t  /-y  A — 
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ABSTRACT: 

An  extensive  series  cf  tests  was  conducted  to  determine  the  damage  from  underwater  explcsinns  against 
simulated  hull  shapes.  The  mcst  immediate  need  was  lor  a  device  to  be  used  in  connection  with  large- 
seals  tests  and  an  electrnmagnetic  deflection  unit  was  developed,  which  Is  an  electronic  device  designed 
especially  to  measure  the  deflection  and  velocity  of  a  test  bulkhead  during  the  time  it  ts  undergoing  the 
effects  of  and  explosive  charge.  This  was  accomplished  by  measuring  the  coupling  between  two  coils. 
The  technique  employed  In  recording  signals,  measuring  bulkhead  deflections,  and  recnrdlng  deflections , 
and  amplitude  varlatlnns  Is  fully  explained.  The  optical  deflection  gauge  was  the  result  cf  a  demand  for 
a  less  bulky  unit  for  small-scale  tests.  Operation  nf  the  device  Is  based  entirely  upon  nptical  principles 
and  consists  of  two  separate  pieces,  the  light  unit  and  the  power  unit.  Of  ths  various  types  cons  ids  red, 
optical  deflection  gauge  was  considered  the  most  promising. 
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ABSTRACT: 

There  was  need  for  a  device  to  measure  the  wall  thicknesses  of  a  large  stock  of  hollow-steel  pro¬ 
peller  blades,  which  were  suspected  of  having  weakened  areas  because  of  grinding.  The  require¬ 
ments  specified  a  simple,  rapid,  and  easily  managed  method  of  measuring  blades  to  within  an 
accuracy  of  3  mils.  The  Texas  Company  constructed  a  pantograph,  which  proved  satisfactory  In 
tests.  Approximately  100  locations  were  measured  on  a  standard  propeller  blade.  The  wall 
thicknesses  were  checked  first  with  an  Ames  mechanical  Indicator.  It  was  assumed  that  the 
indicator  was  correct,  but  tests  showed  that  the  measurements  Varied  up  to  10  mils.  However, 
the  gamma- ray  Instrument  yielded  values  which  were  well  within  the  specified  accuracy  require¬ 
ments  of  plus  or  minus  3  mils.  In  general,  the  device  completely  satisfied  the  requirements.  A 
description  and  technical  information  are  submitted.  ))  ^ 
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ABSTRACT: 

An  electronic  counter  measures  and  records  the  number  of  electric  pulses  received  from  a  suitably 
designed  network.  Because  of  the  low  inertia  of  electronic  shstems,  such  a  counter  is  capable  of  a 
counting  speed  thousands  of  times  greater  than  that  of  the  best  mechanical  counter.  A  scale -of- 10 
counter  registers  every  tenth  impulse,  a  scale -of -100  counter  registers  every  hundredth  Impulse, 
etc.  Impulses  entering  the  counter  are  divided  through  successive  units  in  cascade  until  the  number 
is  small  enough  to  be  recorded  by  a  mechanical  counter.  The  reading  is  then  multiplied  by  the  scale 
of  the  electronic  counter.  A  description  and  technical  information  are  submitted  on  the  ultra-high- 
speed  decimal  accumulator,  controlled  impulse  generator,  electronic  counter  communication  ‘device, 
and  the  electronic -gate  circuit.  The  ideas  and  circuits  considered  in  the  development  of  the  final 
circuits  are  also  described.  O  q  ^ 
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ABSTRACT: 

An  investigation  was  conducted  to  develop  a  production  method  for  detecting  improperly  banded  pro¬ 
jectiles.  The  gilded-metal  band  prevents  the  escape  of  powder  gases  past  the  shell,  and  Imparts 
rotation  to  the  shell  as  It  is  forced  through  the  gun  barrel.  Improperly  seated  bands  have  a  marked 
effect  upon  the  muzzle  velocity  of  the  shell,  and  this  results  in  a  wide  dispersion  in  the  range  of  the 
projectiles.  A  number  of  methods  were  tested,  but  the  Klipsch  compression-test  method  provided 
the  best  correlation  with  firing  data  and  was  recommended  for  adoption  as  a  production  -test  method. 
A  thorough  description  is  given  of  the  Klipsch  method.  The  machine  Is  similar  in  principle  to  the 
standard  Brinell  tester,  and  It  is  of  the  hydraulic  type.  It  Is  very  simple  to  operate,  and  can  test 
100  shells  per  hour.  X-ray  methods  are  also  described. 
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ABSTRACT: 

Two  types  of  helium-purity  Indicators  were  developed  to  determine  the  percentage  of  air  impurity 
in  helium  gas.  The  first  Indicator  was  for  use  with  fairly  large  volumes  of  gas  and  was  based  on  the 
fact  that  the  velocity  of  sound  in  a  helium-air  mixture  varies  considerably  with  the  percentage  of  air. 
A  resonating  tube  assembly  was  developed  for  this  purpose.  Several  types  of  tests  were  considered, 
before  it  was  decided  to  adopt  the  velocity  of  sound  as  a  test  of  purity.  The  second  indicator  was  for 
use  with  small  volumes  of  gas,  and  it  consisted  of  a  chemical  method  based  on  a  distinct  change  in 
color  of  a  solution  exposed  to  the  helium-air  mixture,  occurring  when  the  air  impurity  exceeded  a 
certain  marginal  amount.  The  change -of -color  indicator  method  does  not  actually  determine  the 
percentage  of  contamination,  but  indicates  whether  or  not  the  contamination  exceeds  a  specified 
value.  Both  Indicators  are  fully  described.  C  -  ^ 
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ABSTRACT: 


A  description  is  given  of  a  loud-speaking  system  of  adequate  fidelity  and  volume  US  faithfully  and 
volume  to  faithfully  reproduce  the  noise  of  a  naval  battle.  The  reproducing^ystem  is  composed  of 
three  major  units,  whose  functions  are  fully  described.  The  frequency-response  characteristics  of 
the  entire  amplifier  system  are  outlined,  as  well  as  the  electric  output  and  harmonic  content.  The 
technique  employed  in  obtaining  acoustical  response,  volume  range,  directional  radiation,  and  dis¬ 
tribution  is  explained.  Loudspeaker  efficiencies  of  50%  are  achieved;  and  for  full  system  electric 
output  a  sound  field  of  130  db  at  100  ft  on  axis  is  realized.  The  equipment  was  eventually  delivered 
to  the  Navy  to  be  used  concurrently  in  connection  with  two  programs  --  the  study  of  the  psychologi¬ 
cal  effect  of  battle  noise  on  personnel,  and  the  training  of  Navy  personnel  under  simulated  battle 
conditions. 
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ABSTRACT: 


The  object  of  this  project  was  to  study  sounds  from  ordnance  equipment,  to  obtain  Information 
.regarding  the  frequency  composition  of  sounds  originating  from  various  weapons,  and  any  other 
Information  which  might  be  useful  in  connection  with  sound  ranging.  This  knowledge  was  essen¬ 
tial  in  order  that  the  available  sound-ranging  equipment  might  be  used  to  its  fullest  capacity, 
and  that  better  apparatus  might  be  designed.  The  study  included  sounds  from  machine  guns, 
mortars,  and  various  field-artillery  weapons.  A  partial  investigation  was  also  made  of  Inter¬ 
fering  noises.  A  recording  system  was  developed  having  the  necessary  performance  character¬ 
istics.  Recordings  made  of  machine  guns,  mortars,  and  the  noise  from  a  number  of  Army 
vehicles  are  fully  outlined.  . ,  - 
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ABSTRACT: 


The  projects  discussed  include:  thermistors,  telemetric  flowmeters,  strain  gauges,  measurement  of 
strain  transients  on  external  surfaces  of  gun  barrels,  and  a  radon  indicator.  The  thermistor  is  a  new 
type  of  circuit  element,  whose  resistance  varies  with  the  temperature.  Telemetric  flowmeters  are 
Important  for  the  operation  of  long-range  aircraft  in  that  they  provide  an  instantaneous  check  on  the 
rate  of  fuel  consumption.  Improvements  in  strain  gauges  extended  their  use  to  a  wide  variety  of  con¬ 
ditions.  They  are  small,  compact,  inexpensive,  easy  to  attach,  insensitive  to  temperature  variations, 
etc.  The  measuring  of  strain  transients  on  the  external  surfaces  of  gun  barrels  resulted  in  longer 
barrel  life,  higher  muzzle  velocity,  and  increased  production.  The  radon  indicator  was  sufficiently 
sensititive  to  detect  the  presence  of  randon  in  the  breath  samples  of  workers  exposed  to  radium 
poisoning. 
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